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Still prehistoric? 





Go-ahead manufacturers are now using Shell’s radically 
superior Epikote Resins for potting techniques. 

The excellent adhesion of Epikote Resins provides a good 
hermetic seal, which ensures outstanding resistance to 
humidity. Low shrinkage, toughness and good all-round 
electrical properties make them particularly suitable for 
potting and casting, with a performance far beyond that 
obtained from conventional materials. 

Whether you recognise the passage of time, are ahead of 
it, or merely ignore it, you should ask for full technical 
information on Epikote Resins. 


SHELL CHEMICAL COMPANY LIMITED 
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Or getting an up-to-date line on Epikote Resins? 





105/109 Strand, London, W.C.2. Tel: TEMple Bar 4455 


“EPIKOTE "’ is a Registered Trade Mark 
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MICROWAVE INSTRUMENTS LIMITED 


of service to the 
ELECTRONICS AND INSTRUMENT INDUSTRIES 


Our range of Waveguide Test Bench 
Instruments is in continuous produc- 
tion. Write for details 


MICROWAVE INSTRUMENTS LTD. 


WEST CHIRTON INDUSTRIAL ESTATE, 
NORTH SHIELDS, NORTHUMBERLAND. 


Phone: N. Shields 3606/7 Grams: Microwaves N. Shields 
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Easier setting-up Adjustment of electrostatic focus 
for absolute minimum of aberration can be made quickly 
and without special skill. 


Simpler E.H.T. The focus voltage swing required is 
only + 200V about cathode—e.h.t. units need no longer be 
loaded with the current wasting potential dividers associated 


with earlier electrostatic focus tubes. 


Lower cost No focus magnet or coil is required. 
Ordinary carbon track potentiometer across normal low- 
voltage supply is all that is needed to achieve fine focus. 


Space saved Focus at ordinary h.t. potential means 
that e.h.t. generators can be smaller, and bulky high 
voltage potential dividers eliminated. 
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ABRIDGED DATA FOR BOTH 











Focus : Electrostatic 
Deflection: Magnetic 
Heater : 6.3V, 300mA (kV) 





Phosphor: long persistence 














TUBES 
Typical Operating Conditions 
Vi2+a4 Vai —V, for Va3 
cut-off focus 
(V) (Vv) (Vv) 
12 300 30t070 = ff = 200 





Write to the address below for full details of these 
and other cathode ray tubes in the Mullard range. 


Mullard 





MULLARD LTD., COMMUNICATIONS & INDUSTRIAL VALVE DEPT., MULLARD HOUSE, [TORRINGTON PLACE, LONDON, W.C.!. 
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Commentary 


CIENTIFIC ‘ firsts’ are frequently surrounded by doubt 
and rival claims since, when any problem claims atten- 
tion there will often be many people in divers countries 
working upon it and it is very probable that more than one 
of them will arrive at the same conclusion at about the same 
time, although, mayhap, by different routes. While this is 
true, to some extent, concerning the discovery of the elec- 
tron, it is reasonably certain that Joseph John Thomson 
was the first to give conclusive proof of its existence, a 
knowledge, the possession of which has brought about such 
significant changes in our way of life and in the whole of 
scientific progress in the last sixty years. The discovery of 
the electron is brought to mind at this particular time since 
it was on 18 December 1856, exactly one hundred years 
ago, that J. J. Thomson was born in Cheetham, Manchester. 
Thomson was without doubt, one of the great men of his 
time for, in addition to the vast amount of research and 
discovery he carried out personally, he was also a fore- 
most teacher and leader of men. As an indication of this 
it may be recalled that, in addition to winning the Nobel 
Prize himself, no less than eight of his pupils received this 
award, while twenty-seven were elected Fellows of the 
Royal Society and some seventy-nine professorships were 
held by them. Thomson himself received the honours usual 
to a man of his achievements. He was awarded the Nobel 
Prize for physics in 1906 for ‘the great merits of his 
theoretical and experimental researches on the discharge of 
electricity through gases’. This work included, of course, 
his expositions on the electron or ‘ corpuscle’ as he called 
it. He was knighted in 1908 and was President of the 
Royal Society from 1915 to 1920. In 1918, after being 
Cavendish Professor of Experimental Physics at Cambridge 
for thirty-four years, he became Master of Trinity College. 
Thomson’s own contribution to science was large. In 
all, he published some 230 papers and eleven books, and 
some of these were epochs. The positive discovery of the 
electron can be dated from his 1897 lecture to the Royal 
Institution while his Dover Address of 1899 can be 
regarded as the manifesto for the twentieth century research 
in experimental atomic physics. He also forecast ther- 
mionic emission from heated metals and, in 1912, accom- 
plished the first separation of isotopes, the existence of 
which had been deduced by Soddy a year previously. 
Despite these great personal achievements it was, 
perhaps, as the leader and source of inspiration of the 
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Cavendish Laboratory that he did his greatest work for, 
as J. A. Crowther has remarked, during his direction of 
the Cavendish Laboratory research changed from a ‘ per- 
sonal idiosyncrasy’ to the ‘normal completion of a 
university training’. Thomson was appointed Cavendish 
professor in December 1884, at the age of twenty-eight. 
in succession to Lord Rayleigh who had accepted the 
professorship for five years following the premature death 
of Clerk Maxwell in 1879. Clerk Maxwell rarely had more 
than two or three students at his lectures and only a 
handful of experimental researchers, yet by 1890 there 
were twenty research students in the Laboratory. These, 
Thomson visited every morning to discuss their problems 
and suggest solutions to their difficulties; a practice which 
he maintained throughout his time at the Laboratory. 
Thomson held the Cavendish chair for thirty-four years 
until he was succeeded by one of his foremost students, 
Lord Rutherford, in 1919. During this time the output of 
the Laboratory was enormous; in the years 1896 to 1900 
alone one hundred and four original research papers being 
published. It is perhaps indicative of Thomson’s methods 
that during the whole term of his directorate the annual 
expenditure on special research equipment never exceeded 
£550, although in some years there were forty research 
workers in the Laboratory. The many fine investigations 
and discoveries made during this period were carried out 
with some of the simplest of equipment and, although 
admittedly science is becoming increasingly complicated, 
this point may well be. borne in mind by the research 
worker of today. It was also a dictum of Thomson that 
students should, within reason, attempt to arrive at their 
own methods of solving problems and not be biased by 
the approach of previous workers. 

Sir J. J. Thomson died on 30 August 1940 and his ashes 
were interred near those of Newton, Kelvin and Rutherford 
in Westminster Abbey. 

As a footnote to this short account of the scientist whose 
birth centenary is now being celebrated it is of interest to 
recall that although Thomson came from a home of modest 
means, he left a fortune of £82 000 which he had accumu- 
lated by the judicious investment of his savings for, apart 
from his Nobel Prize, he had never received any large 
sums of money during his lifetime. He was, indeed, in 
many ways a fine example for the young man of today. 
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The Production and Testing of Potted Circuits 


By T. C. B. Talbot* 


The development of a technique for the production of small batches of a hundred or less potted 

circuits is outlined, and is illustrated by. describing its application to the production of a typical 

unit. Some limitations of the technique are pointed out and improvements for large quantity produc- 
tion are suggested. 


Finally, the development and application of special test gear for use with potted circuits are 
described. 


HILE several articles have appeared in_ technical 

journals describing the properties of casting resins 
and the general techniques to be used in potting circuits'**, 
little has been published concerning the specific techniques 
used in production. 

It is the aim of this article to trace in detail the develop- 
ment of a technique used in a small production run and by 
way of illustration to describe its application to the produc- 
tion of a typical electronic unit. It must be borne in mind 
that the technique described has been developed specifically 
for small batch production, where the cost of expensive jigs 
and tools is not warranted; as a result, production costs 
are high compared with conventional assembly methods 
but these would be considerably reduced by application of 
the further development and more advanced tooling which 
would be necessary for large scale quantity production. In 
the work to be described, only the injection moulding tools 
for the production cf the polythene moulds in which the 
circuits are potted are highly developed. All remaining 
tools are comparatively simple and cheap. 

The assumed requirements for the electronic equipment 
were reliability, small size, and the ability to withstand the 
vibration and acceleration forces experienced in modern 
aircraft, and to operate between wide temperature limits 
and in humid atmospheric conditions. It has been shown 
that potted circuits fulfil all these requirements but at the 
_ expense of weight and the lack of economy inherent in 
the ‘throw away’ nature of the potted circuit. 

Initial experiments with several commercially available 
casting resins led to the adoption of Bakelite Polyester 
Resin SR17449. It was found that an inert filler was neces- 
sary to prevent cracking of the potted blocks at low tem- 
perature and the following mix gives satisfactory results : — 


Bakelite Resin SR17449 
Catalyst Q!7447 
Accelerator Q17448 

Filler (200-mesh mica flour) 


100 parts by weight 
1-66 parts by weight 
2:25 parts by weight 
25 parts by weight 
Using this mix, the setting time is about five hours at an 
ambient temperature of 17°C and the exothermal tempera- 
ture rise in a small block (about 4in*) during the polymeri- 
zation reaction is of the order of 25°C. 

In a complete equipment to which the technique was 
applied, the majority of circuits are potted. A power unit 
does not lend itself readily to potting owing to the bulk 
of its components, and this unit is built in a conventional 
form, using sealed components. The remainder of the 
equipment is split into sub-units, which, in turn, are split 
into potted sub-assemblies. 

Sub-miniature ‘wire-in’ valves are used wherever possible, 
but these are not cast in with their associated components 
for three reasons; firstly because the valve is probably the 
least reliable component in a circuit, secondly, because 
its cost is high compared with its associated components, 


* Bush Radio Ltd. 
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and finally, because it is normally the most significant 
source of heat. Transformers, with the exception of those 
sufficiently small in size, are also excluded from cast 
blocks on account of their bulk and comparative cost. It 
is also necessary to omit trimmer capacitors, potentiometers, 
relays and a small number of critical components which 
may be subject to replacement. 





Fig. 1. 


Circuit of feedback pair 


It is proposed to use for illustration of the technique the 
production of a feedback pair, the circuit of which is shown 
in Fig. 1. 


Assembly of the Block Prior to Casting 

Components are mounted between two synthetic resin 
bonded paper (s.r.b.p.) boards, suitably punched to accept 
the component wires. Sheets of s.r.b.p. are punched with a 
matrix of holes, symmetrical in both dimensions, spacing 
of hole centres being 3/16in. This entails that component 
wires are centred on standard dimensions in all types of 
block, allowing the use of certain common tools. Suitably 
shaped boards are then stamped from the punched stock, 
a pair of these being used for each block. In one of the 
pair (the terminal board) tinned eyelets are inserted in all 
holes which are to receive components or spacing wires, 
other holes being left blank. In the remaining board, eye- 
lets are inserted only in those holes which accept spacing 
wires. The spacing wires maintain the distance between 
the boards after assembly and before casting. Four 18 
s.w.g. tinned copper wires are normally used, but the 
number may vary with the size of the block. 

The components and spacing wires are now assembled 
between the boards by hand, and the whole assembly is 
dropped into a spacing jig, consisting of an aluminium 
channel section in which are milled two slots to accept the 
boards, which are thus held at the correct distance until 
the spacing wires are soldered in. 

Components are adjusted by hand to lie centrally between 
the boards and all wires are then soldered to their respec- 
tive eyelets. The assembly may now be removed from the 
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spacing jig and -is sufficiently robust to withstand normal 
handling without damage or distortion, although com- 
ponents are retained only at one end. 

Inter-connexions between ccmponents are now made by 
soldering 30 s.w.g. tinned copper wire between the appro- 
priate component wires as close to the outer surfaces of 
the boards as possible. This wiring requires careful dress- 
ing after insertion to ensure freedom from short-circuits. 
The spacing wires are normally used to provide connexions 
through the block where required. 

The next operation is the removal of the excess of com- 
penent wires. On the terminal face, this is done by insert- 
ing the block into a pin-cropping guillotine (Fig. 2). The 
plate of the guillotine is drilled with the same matrix as 
the punched s.r.b.p. sheet, and the holes are fapered down 





Fig. 2. Pin-cropping guillotine 


from the entry face to facilitate insertion of the block. The 
knife of the guillotine operates against the rear face of 
the plate, and cuts the terminal wires to a standard Jength 
of 7/16in. Owing to the standard pattern of holes on the 
guillotine plate, this tool is common to all blocks. 

On the remote face of the assembly, all wires, with the 
exception of two cf the spacing wires, are manually cut 
as close to the board as possible. The two remaining spac- 
ing wires are cut to a length of 3/16in from the face of 
the board and are later used to locate the assembly in the 
mould when casting. 

Finally, the assembly is inserted into a pin-straightening 
jig which sets the terminal wires ncrmal to the terminal 
face. The pin-straightening jig is again drilled to the 
standard matrix, but in this case the holes only just clear 
18 s.w.g. wire and the entry taper is short, whereas on the 
guillotine the holes are slightly larger and the entry taper 
is longer. 


Mould Production and Casting 

The choice of material for the construction of moulds 
is subject to several requirements. The moulds must be 
produced rapidly and cheaply and they must be robust and 
free from damage during handling. For one or other of 
these reasons metal moulds are not particularly suitable 
and it was decided to use injection mouldings in polythene 
for the purpose. These fulfil the abcve requirements and, 
in addition, as polythene is incompatible with polyester 
resins, a mould release agent is not required. 

A common moulding shell is used to give a common 
outer profile for mcst moulds. Extension pieces can be 
fitted to the shell to produce larger moulds. A variety of 
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shell insezts are provided to give the individual in-ernal 
centours of the mould. It should be pointed out that 
different types of cast block have individual shapes. Most 
are tapered to suit the draft of a sand-cast metal con-ainer, 
but some types are of rectangular shape and are housed in 
sheet metal containers in the main equipment. 

Both the shell and the inserts of the moulding tool are 
machined from brass. Part numbers of the respective blocks 
are engraved on the face of the appropriate insert normal 
to the direction of withdrawal. These part numbers are 
transferred in relief to the polythene mould and thence to 
the cast block. 

Once the initial tooling is complete, mculds may be 
produced in quantity with great rapidity. They are extremely 
shock proof and durable, and will withstand rough handling 
through a long life. The moulding shell and insert and a 
completed mould for a feedback pair are shown in Fig. 3. 

In the bottom ef the well of the mould are two recesses 
which accept the two 3/16in locating wires on the bottom 
face of the assembly to be cast. The assembly is located 
at the top by a 16 s.w.g. aluminium top plate, which picks 
up two of the terminal wires on the assembly and which 





Fig. 3. Moulding shell, insert, and completed mould for feedback pair 


carries two dowels which engage in hcles on the top face 
of the mould. This accurately locates the assembly in the 
mould. A portion of the aluminium top plate directly above 
the assembly is cut away to provide an aperture through 
which to pour the liquid resin. The plate is coated with 
carnauba wax to prevent adhesion of the resin and is held 
in place by two battery clips. 

During an early attempt to cast a block of components, 
it was found that the phenolic based varnish, which is 
normally used to seal the cut edges of s.r.b.p. board against 
the ingress of moisture, inhibited the polymerization of the 
resin, and blecks using boards treated in this way failed 
to set. Raw edges of board are not now sealed. Tests on 
samples of unsealed boards which had been open to the 
atnosphere for some time showed a deterioration in leakage 
resistance between eyelets by a factor greater than 10. 
Resistance between eyelets in some cases measured as low 
as 15MQ. It is therefore necessary to bake the assembly 
in an oven at 60°C for one hour immediately prior to cast- 
ing. This is effective in restoring the insulation properties 
of the boards. 

Due to the comparatively short pot life of the mix, it 
is desirable to fill a number of moulds from a single mix. 
After preparation of the mix, it is placed for a few moments 
in a vacuum chamber, and the pressure reduced, to remove 
bubbles of air. The mix is then poured into a funnel shaped 
pclythene hopper, and the moulds are passed under this, 
one by one, and filled to the upper surface of the top plate 
(Fig. 4). Care is taken to ensure that air bubbles are not 
trapped in the assembly. In the slow setting mix used, air 
bubbles have time to set‘le out without agitaiion of the 
mould, but further degassing in a vacuum chamber would 
be required for a quicker setting or more viscous mix. Even 
in the mix used, however, air bubbles do tend to be trapped 
under the aluminium top plate and a right angled piece of 
wire is used to rake the surface of the resin under the top 
plate to remove these. 
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During the polymerization reaction, the resin shrinks 
slightly. This is apparent as a depression in the resin surface 
in the pouring aperture of the top plate, giving a meniscus 
effect. Shrinkage, however, is not sufficient to drop the 
surface of the resin below the top plate and, hence, a flat 
ledge appears around the top surface of the block where 
it is in contact with the top plate. This ledge is used as a 
bearing surface on which to clamp the block into its case. 

When polymerization is complete and the resin has set, 
the top plate is removed and the block is withdrawn from 
the mould. It is then placed in an oven to harden off for 
one hour at 60°C. The final product is a hard, robust, 
opaque block with }in terminal wires appearing on the 
terminal face (Fig. 5). It is resistant to corrosion, mould 





Fig. 4. Filling apparatus 


growth, and insect attack, and may be stored indefinitely 
without special packaging, since it is completely impervious 
to moisture absorption and surface condensation may be 
quickly driven off before installation in a unit. 


The Sub-Unit Case and Final Assembly 

Since the terminal wires on the cast block are, of necessity, 
close, the insulating path between adjacent terminals is 
very short and the probability of their becoming bridged by 
moisture in a humid atmosphere is high. In order to prevent 
this, the use of a moisture proof container is desirable. 
Furthermore, cases arise where electrical screening between 
sub-units is necessary. To satisfy both these requirements 
and to assist in cooling, it is convenient to use a sealed 
metal container for each sub-unit. The quantity produced 
did not warrant the tool cost of a die-cast container, sc a 
machined sand-casting in aluminium alloy is used. In order 
to save space, the walls of the container are thin and tend 
to be porous in places. The casting is therefore impregnated 
with a thermosetting resin before use to ensure adequate 
sealing. 

To improve the cooling of the unit, the valves are housed 
in thin walled drawn aluminium tubes which are mounted 
in a flange on the casting and again sealed-in with a thermo- 
setting resin (Fig. 6). This arrangement provides only a 
narrow neck of metal and consequently a high thermal 
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resistance between the valves and the body of the Casting, 
Cooling is enhanced by a draught of air forced along the 
length of the amplifiers which are so mounted that the 
greatest volume of air flows in the channel which is formed 
between adjacent units, and into which the valve tubes 
protrude. Bowed leaf springs are assembled into the valve 
tubes to prevent damage to the valves by vibration. 

Signals and supplies are fed to and from the sub-unit by 
means of multiple glass-to-metal seals cemented into the 
case with thermosetting resin, the outer terminals of which 
are wired to miniature Jones type plugs mounted externally 
on the case. 

All cementing operations are carried out simultanecusly, 
The parts to be sealed in are lightly retained to the case, 
small self-tapping screws being used where necessary. The 
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Fig. 5. Feedback pair before and after casting 





77 TZZZITTTITZ ZZ 
/ 


/ 





\ 








BAKELITE DISK 
THERMOSETTING 
RESIN 











e—CAST CASE 


DLL 


VALVE 





\ 
\ 
\ 


Otdee 


LEAF SPRING——— 


LEEET BEREEBE LERREET Beene: 


4 


Oe 


WI 


AIM 


CA 



































GUARD PLATE +—RESIN BLOCK 














Fig. 6. Cross-section of sub-unit 


joints are then dusted with the thermosetting resin powder 
and the assembly is brought up to curing temperature on 
a hotplate, when the powder fuses and flows into the joints, 
forming, when cured, a joint which is satisfactory both as 
regards hermetic sealing and mechanical strength. It has 
been found that traces of grease inhibit the curing of the 
resin, so the casting and parts to be sealed-in are thoroughly 
degreased before assembly. 

Sealing of the cover of the sub-unit to the main body 
of the case is provided by a flat rubber gasket compressed 
between the two. Considerable pressure is required to 
obtain a satisfactory seal and this is provided by a number 
of socket head cap screws around the unit which are 
captive in the cover. Plugs screwed down on rubber washers 
are provided on the cover to give access to the preset 
controls inside the unit and also to provide a thread into 
which an adaptor may be screwed for pressure testing. In 
operation, the amplifier is sealed at atmospheric pressure 
and is designed to withstand the pressure differentials 
experienced at high altitude. 

In the final assembly of a sub-unit, the cast blocks are 
dropped into place in the container and held in place with 
small clamps, and the valves are inserted into their tubes. 
In order to prevent the valve wires being bent close to the 
envelope, with the resultant risk of cracking the seal, small 
bakelite disks, 3/32in thick, containing holes on the same 
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pitch circle as the valve terminations are threaded on to 
the wires and seated down on the base of the valve. The 
valve wires are now sleeved, and terminated by soldering 
them to the appropriate pins on the resin blocks. The 
remainder of the wiring is then carried out and any external 
components added to complete the sub-unit. A typical sub- 
unit containing four cast blocks and ten valves measures 
lin by 2in by 2 7/16in and its weight is 23lb. 


Future Development 

The process outlined above has been in operation for 
some months and has been successfully used in a small 
production run. The process, however, is slow and costly 
and improvements are required before embarking on large 
quantity production. 

About 70 per cent of the assembly time of the blocks 
prior to casting is taken up with the soldering of com- 
ponent wires to their eyelets and the adding of inter- 
component wiring on the boards. It is clear that the use 
of printed wiring on the boards would give a material 
improvement in assembly time and dip soldering follows 
automatically as an additional improvement. Some form of 
jigging of the boards and components will be necessary to 
maintain the shape of the assembly before and during dip 
soldering; suitable cranking or upsetting of the component 
wires may be sufficient. 

Use of one of the modern ‘foam’ resins for casting the 
blocks would serve to reduce the weight of the equipment, 
but there appears some doubt, as yet, about the ‘wetting’ 
properties of these resins. 

Die-cast cases would undoubtedly be superior to the 
present sand-castings, but the tools would be expensive 
and would only be economical for a very large quantity. 
In a die-cast case, the valve tubes would probably be cast 
in, thereby considerably reducing assembly time. 


Production Testing 

It will be apparent that the nature of the potted circuit 
demands a different approach to production testing from 
the conventional circuit assembly. In a conventional unit, 
faulty components can be changed at a very late stage in 
the assembly and it is common practice, in fact, to test 
nothing, apart perhaps from transformers, until the final 
assembly has been completed. With potted circuits, how- 
ever, testing must be carried out stage by stage in the 
interest of economy. The block must be tested after 
assembly of components but before casting, so that faulty 
components may be replaced at this stage. In fact, only 
the outer components of the block can be changed at this 
stage, and if a component in the centre of the assembly 
is faulty it is generally more economical to reject the 
assembly rather than attempt a repair. Similarly, in view 
of the fragility of sub-miniature valves, it is desirable to 
test the block after casting and before the addition of the 
valves. 

A stage-by-stage test procedure has therefore been 
evolved. It is obviously undesirable to solder and unsolder 
valves to the terminals of the block at each stage, both in 
the interest of time saving and of valve preservation. A 
‘plug and socket’ technique has been devised, using the 
cast block as its own plug, the terminal wires being the 
plug pins. It is clear that a multiple socket, similar in 
pattern to the punched s.r.b.p. from which the terminal 
boards are stamped, will accept any type of block. A tool 
was therefore made to mould such a socket in the poly- 
ester resin, the resultant socket being a flat ‘biscuit’ 3in 
square by tin thick, and containing 200 recesses on the 
Standard matrix. These recesses are so shaped that small 
sprung socket contacts of the type used in miniature valve- 
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holders may be inserted and locked in. Socket contacts are 
inserted into the recesses appropriate to the terminal wires 
of the particular block and the biscuit, thus assembled 
forms an effective multi-pole socket for the block. The 
socket is mounted on a small box which contains the valves 
appropriate to the block under test and any other necessary 
components, all of which are wired to the appropriate 
socket contacts. A variety of test jigs of this form, one 
for each type of cast block, has been produced, the differ- 
ences being only in the disposition of the socket contacts 
on the biscuit and the contents and internal wiring of the 
jig. 

Each jig is fitted with a 33-pole plug on one end face, 
which mates with a socket on a versatile test set. By using 
standard pins for such functions as power supplies on all 
jigs, it is possible to provide enough facilities on one 33-pole 
connector to test all blocks. 








Fig. 7. Test rig for feedback pair 


The test set contains power supplies, oscillators, attenua- 
tors and a metering circuit to enable frequency response 
measurements to be made over a wide range. The meter 
can also be switched to measure other circuits currents 
and voltages as desired. In the case of the feedback pair, 
the test set, together with the appropriate test jig, is suffici- 
ent to test the block, a measurement of h.t. current con- 
sumption, mid-band gain and frequency response being 
adequate. Where the block contains pulse circuits, trigger 
circuits, blocking oscillators and the like, further test gear 
is required. It has been found convenient for the batch test- 
ing required in production to develop a special pulse 
generator and oscilloscope, in addition to the test set, with 
facilities peculiar to the cast blocks under test. These are 
used in conjunction with the test set for testing more com- 
plicated blocks, though in certain of the tests, the test set 
acts merely as a junction box to couple the test jig with 
the pulse generator and oscilloscope. The test rig is shown 
in Fig. 7 as laid out for the testing of a feedback pair. The 
test jig with socket on top is seen on the right-hand side 
of the test set. 

It has proved convenient to further extend the use of 
the test rig to the testing of complete sub-units and to the 
testing of video transformers. For the testing of complete 
sub-units, a test jig is used where the socket is replaced 
by connectors on flying leads which mate with the plugs 
and sockets on the sub-unit under test. In the case of video 
transformers, a comparison bridge has been built into a 
test jig box, the transformer under test being compared 
with a standard. In this case the test set acts as source and 
detector for the bridge. 
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It can be seen from the foregoing that, by the use of a 
highly developed and fairly complex test rig, the testing of 
potted circuits is greatly facilitated and may be rapidly 
carried out, at the same time ensuring a high degree of 
reliability in the finished product. 
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A ‘True Motion 


A new system of marine radar presentation known as 
True Motion Radar T.M.46 has recently been introduced 
by Decca Radar Ltd and will be available early in 1957. 

This system, it is claimed, is the first cf its kind to 
show directly on the face of the p.p.i. the true motion 
of all objects within radar range as opposed to the con- 
ventional relative movement. 

The display of true motion is obtained by feeding 
compass and speed information into a small resolver in a 
Trackmaster unit which is either fixed to the display unit 
or sited immediately adjacent to it. Speed and direction 
of ‘own’ ship are here converted into movements East- 
West and North-South. These movements control the 
amount of current in the off-centring coils of the display 
itself and affect the position of the electrical centre, that 
is, the position of ‘own’ ship about which the trace 
rotates. On a compass stabilized display when the elec- 
trical centre moves in harmony with the course and speed 
of ‘own ship’, the effect on the p.p.i. is to present true 
motion, that is a ‘ bird’s eye’ view of the situation, since 
the component of ‘own’ ship’s course and speed normally 


The Decca ‘True Motion Radar’ display and the 
Trackmaster unit. 
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Messrs. W. M. Lloyd, C. W. Ward and R. E. Gardner of 
Bush Radio who initiated much of the development leading 
to the techniques described. 
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Radar System 


present in the apparent motion shown on a conventional 
display has been entirely removed. 

The amount of movement imparted to the display 
depends on the radar scale in use and is automatically 
adjusted when range scale is altered. 

The speed of ‘own’ ship is fed into the Trackmaster 
unit either by hand or automatically from the ship’s log. 
Speed must be known to the same accuracy as is required 
when constructing a proper motion plot by hand, so that 
the accuracy requirement is not high. 

The estimation of the course and aspect of other ships 
is made by observing the afterglow trails behind those 
ships’ echoes. A mechanical bearing cursor, with parallel 
lines, can be used to read these courses when a high 
degree of accuracy is required. 

Special facilities are provided to read both range and 
bearing regardless of the position of ‘own’ ship on the 
face of the p.p.i. Range rings and a variable range marker 
appear as concentric circles around ‘own’ ship and have 
normal radar accuracy, being independent of any move- 
ments imparted to the display. 

An electronic bearing marker is provided to measure 
bearings of other vessels irrespective of the position of 
‘own’ ship and to measure these bearings with a greater 
accuracy than is possible by conventional mechanical 
methods. The marker appears as a radial electronic line 
centred on the position of ‘own’ ship and bearings are 
read from a calibrated dial. 

Since ‘own’ ship is continually moving over the face 
of the tube in the direction of the ship’s course, the range 
of warning ahead is steadily being reduced and would 
eventually be nil unless the position of ‘own’ ship were 
reset. Resetting is effected simply and speedily by shift 
controls and ‘own’ ship can be positioned anywhere on 
the face of the tube. After resetting, the true motion 
picture is again developed almost instantaneously. 

Speed of ‘own’ ship is fed into the Trackmaster unit 
by setting the estimated speed on a calibrated dial. Allter- 
natively, the output from certain types of transmitting logs 
may be used if preferred. 

A smail error in speed will not materially affect the 
accuracy of range and bearing measurement. 

The display may be operated to show either a con- 
ventional *ship’s head up’ picture, a conventional com- 
pass stabilized picture, or the true motion picture. 

It is believed that the system described can be a major 
step forward in marine radar development, in giving to a 
navigating officer at a glance other vessels’ true course and 
speed without the need for any calculations with their 
possibility or error, and therefore can make its contribu- 
tion to greater safety at sea, especially in view of the 
increased traffic density in the world’s sea lanes in recent 
years and the speed and size of modern ships. 
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Cathode-Follower Type Power Supplies 


By B. J. Perry*, B.Sc., Ph.D., A.R.C.S. 


The use of triode valves as rectifiers in variable voltage power supplies is discussed and compared 

to the simple series stabilizer. The performance of a combination of these circuits is given and made 

the basis of a practical circuit which is of particular use in electrophoresis applications. A form of 
low frequency instability sometimes associated with the circuit is noted. 


HE use of grid-controlled valves for rectification is 
well known’, though it is less usual to find hard valves 
so employed. When a triode valve is used as a rectifying 
element, with its impedance controlled by its grid voltage 
(Fig. 1), the arrangement is usually referred to as a cathode- 
follower type rectifier?. This particular circuit is similar to 


Mains 
nput 


Fig. 1. S'mp'e cathode-follower power supply 











the simple series stabilizer (Fig. 2). When these two circuits 
are combined a power supply of medium stability and con- 
siderable flexibility is obtained. 


The Cathode-Follower Type Rectifier 

The main advantage of a cathode-follower type power 
supply lies in the wide range of output voltage which is 
available’, and the ease with which it can be controlled. 
The output impedance varies little with output voltage, and 
for the circuit of Fig. 1 is given by the expression: 


a {| + 
a ee ee ee (1) 
7, 


where ra and u are the usual valve constants, Rr the trans- 
former secondary winding resistance, R. the smoothing 
choke resistance and @ the fraction of Vi used to control 
the valve. (In this case » is approximately equal to V./ V1). 









7 
| 
" | 
K 
| Reference Yo, Zo,R, 
{ | Voltage { 





Fig. 2. Simple series stabilizer 


At maximum output voltage (@ = 1), equation (1) is very 
similar to that for the output impedance of an ordinary 
fixed voltage power pack, with the impedance of the rec- 
tifier exchanged for an impedance equal to approximately 
1/gm of the triode. Im practice, the value of 1/gm may 
well be less than 10022. 

As » tends towards zero the second term in equation (1) 
is reduced from Rr towards Rr/(1 + ») and the effective 
Z. is thus reduced. However, of the three terms in the 
equation, the largest is usually the resistance of the smooth- 
ing choke R.. This can be reduced in the same manner 
that Rr is reduced, by placing the choke on the input side 
of the control voltage potentiometer in the negative line 


* Physics Department, Westminster Hospital. 
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(Fig. 3). The output impedance then becomes: 


r. 1 pu 

> = ——— + (Rr + Ro) 

1+ B 1+ un 

As Z, is in part dependent on the expression |/gm the 

regulation of the power pack will be poorer at small values 
of anode current when the value of gm is also small. 


The Series Type Stabilizer 
Expressions for the stability of the series type valve 
stabilizer are well known*', the simple incremental input- 
output ratio for the circuit of Fig. 2 being: 
Ss = dV1/dV. = (Wal Rx) +1 +p ........ (3) 
For normal stabilizer loads this approximates to ». The 
percentage stabilization ratio for this circuit is: 
dVi/Vi 
dV o/Vo 
In this equation (as for all stabilization circuits‘), when the 





et eo ed | er (4) 














Fig. 3. Cathode-follower power supply with improved output impedance 


reference voltage approaches zero the stabilization ratio 
approaches unity. 

The principle of the series stabilizer can be incorporated 
into the cathode-follower power supply circuit by using a 
reference voltage to control the grid of the rectifying triode 
(Fig. 4). The output impedance is then further improved, 
being given by the expression: 

- la Rr + Re 
ma 1.+ p 1+, 

If a neon tube is used for the reference voltage a further 
term has to be added due to its internal impedance. Z, thus 
becomes: 


ih 


‘a +t Re 
pee a + (Rx/R)(Rr + RO@.... (5) 


1+up 1+yp 
Where Rx is the internal impedance of the neon tube and 
R the neon load resistor which is assumed large in com- 


parison with Rx, Rr or Re. 
The percentage stabilization ratio for the complete circuit 


cf Fig. 4 is then: 


dV 1/Vr R. + Rr + ou(R + Re + Rr) 
= 1 + © 
dV 0] Vo a Grad Pe R + Ru.+ ¢-n. ite ( 


which reduces to equation (4) if R is greater than Ro, Rr, 
Ry and ouRx. 
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Fig. 4. Stabilized cathode-follower power supply, d.c. equivalent circuit 


Typical values for the components of this circuit: 


Rr 3000 V~ 390V 
R 7 5000 &, 12x 10-* mA/V 
Rn 8500 r, 12502 

R, 3002 pw iS 


Typical values for the constants of equations (5) and (6) 
are given beneath Fig. 4. These assume a maximum output 
voltage of 400V needing a reference voltage consisting of 
a chain of three neon tubes. Z, is then 1800 for g = 1-0 
and 1200 for @ = 0-1. The percentage stabilization ratio 
for = 1-0 is 5-9 times and for @ = 0-1 is 2-2 times. 


A Practical Circuit 


A power supply incorporating the features of both the 
series stabilizer and the cathode-follower type power pack 
has been built for use in the Pathology Department of this 
hospital. A general purpose bench power supply was 
required having good regulation over a current range of 
0 to 40mA and an output voltage variable from approxi- 
mately 0 to 400V. 

The circuit used is shown in Fig. 5 and its equivalent 
circuit is that of. Fig. 4. The choice of circuit values needs 
littke comment except perhaps that of the series valves V: 
and V»:. Equations (5) and (6) show that a large value is 
required for both the u (for improved voltage stabiliza- 
tion) and the gm (for the lower output impedance) of the 
series valve, and some compromise must be reached. In 
addition, a valve with a low d.c. impedance is desirable so 


Fig. 5. Stabilized cathode-follower 


TABLE 1 
Pertinent constants for three valve types when used as cathode-follower rectifier 




















6BW6 12AT7 12BH7 
(g, to (halves in (halves in 
anode) parallel) parallel) 
Anode voltage } for ia 110V *180V. | 70V 
=40mA 
be , at 2; 5:3 | *70 | 16:6 
=O volts | | 
gm 2-°8mA/V | *18mA/V | 12:2mA/V 
Total anode dissipation . . 12-SW SW | 7W 
Total maximum anode | 
current .. : 75mA | 40mA 40mA 








* These values are outside the anode dissipation of the valve but in a full-wave 
rectifier circuit two valves are used and thus the total dissipation over half a cycle 
can be doubled. 


that minimal anode voltage is required to pass maximum 
load current at zero grid volts, thus enabling the secondary 
voltage of the mains transformer to be kept to a minimum. 
Also the valve must be able to dissipate the full output of 
the transformer as would be necessary when opérating with 
a nearly shorted output at maximum load current. 

The obvious first choice for V1 and V2 is a power triode 
or a triode-connected power tetrode or pentode. These 
valves normally have a low » (<10) and in many cases 
considerable anode voltage is required to provide 40mA 
anode current at zero grid volts. For example, power 
tetrode type 6BW6, triode connected needs an anode volt- 
age of 110V for a cathode current of 40mA at zero volts 
bias, at which conditions u is 5:3 and gm 2°8mA/V. A 
larger 4 would be desirable and could be obtained from a 
valve such as type 12AT7, but in this case the d.c. imped- 
ance of the valve is excessive and the anode dissipation a 
little low. The compromise was resolved using the double 
triode type 12BH7. Two of these are employed with the 
two halves of each valve connected in parallel. The 
pertinent characteristics of these three valves are given in 
Table 1. 

The transformer and chokes are standard components 
and the power pack is housed in a small “Imhof” case. 
A 34in meter on the front panel can be switched to read 
either 400V or 40mA full scale. A 5V and 6-3V a.c. supply 
is also provided on the panel. 


power pack, full circuit diagram 
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Performance of the Circuit 

The load characteristics for various zero current voltages 
are shown in Fig. 6. The average output impedance over 
the middle current range of these curves is approximately 
2002, with a higher value at smaller currents due to 
decrease of valve mutual conductance and also at larger 
currents, due to grid current limitations. This value com- 
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Fig. 6. Load_ characteristics, stabilized cathode-follower power supply 
(Fig. 5), at various initial (no load) voltages 
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Fig. 7. Load characteristics for the circuit of Fig. 5 for various reference 
voltage arrangements, at an initial (mo load) voltage 
Curve a: reference voltage supplied by battery instead of neon tubes 
Curve B: reference voltage supplied by battery, with smoothing choke 
moved to output side of reference voltage 
Curve c: reference voltage supplied by neon tubes as in Fig. 
Curve D: no reference voltage (neons in Fig. 5 removed) 
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pares well with the calculated ones which use values for the 
valve constants derived from a steady and not alternating 
anode voltage. ; 

Fig. 7 shows the effect of altering the type and position 
of reference voltage supply upon the load characteristics. 
The best regulatidh is obtained when the neon chain is re- 
placed, by battery a. The effect of placing the smoothing 
choke in the more conventional position (after the refer- 
ence voltage) is shown by curve B; the output impedance 
increases from 150 to 470Q. The characteristics of the prac- 
tical circuit of Fig. 5 (curve C) is seen to lie between curves 
A and Bs. If an unstabilized source is used for the control 
voltage, the load characteristic worsens very considerably 
(curve D). 

The effective stabilization of the circuit at 300V, no 
load, is shown in Fig. 8. It shows, as a pen recorder trace, 
the effect of a 5V change in the a.c. input voltage in the 
circuit of Fig. 5; (a) with the neon tubes removed, and (b) 
as run normally with the neons in circuit. The percentage 
stabilization ratio is approximately 4 times. The calcu- 


DECEMBER 1956 





lated value from the values of Fig. 4 is 56 times. Run 
for a period of 24h at 300V, the variation of output voltage 
was within one per cent. 


An Inherent Instability 

If the circuit of Fig. 3 is re-drawn as a feedback circuit 
(Fig. 9) it can be seen that oscillation will occur if the 
transfer characteristic of the passive four-terminal network 
has a value greater than the inverse gain of the cathode- 
follower. 


At resonance: 


/ Ru + R~ 
iw —= Wo \/ LCR. 





| in /minute | in/minute 


Fig. 8. The effect of a 5V change in input voltage on the output of the 
circuit of Fig. 5 
(a) Final circuit, neons removed 
(b) Final circuit, neons replaced 











Fig. 9. Stabilized cathode-follower power supply, a.c. equivalent circuit 


The value of the transfer characteristic is then: 


“— LCR: 
J (Ri + R-)(RitR-C Ly 


This expression must be smaller than 1/G, where G is the 
cathode-follower gain. At small values of load resistance 
(Rx), the expression tends to unity. As Rr, it 
becomes : 


[Vo'/Vu'l\w=u, = VII + (L/CR-)) 


Therefore |Vo’/V1'|..=w, can be reduced towards unity by 
increasing C or decreasing L provided that in the latter case 
R. is not decreased or the smoothing adversely affected. If 
the power pack is stable on no-load it would seem at first 
sight to be stable over all its operating range. Unfortu- 
nately, the gain of the cathode-follower varies with Ri 
being considerably reduced at small values of load current. 
Thus, although stable at no load conditions, a small range 
of instability may exist at middle current values. This 
remaining oscillation can be removed by decreasing the 
effective load on the cathode-follower by increasing the 
value of C’ (Fig. 9). 





| Vo’ / VY w@ = Wo 
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Assessment of Cathode-Follower Power Supplies 

As previously suggested, the main advantage of the 
cathode-follower type power supply is the ease with which 
the output voltage can be varied. When the properties of 
the series type stabilizer are added to it, its performance 
compares very favourably with its nearest fixed-voltage 
counterpart, the simple neon tube stabilized power pack. 
Both percentage stabilization ratio and output impedance 
are better and. the cost is very little altered, the normal 
rectifier being replaced by the triode valves and a small 
metal rectifier added. The capacitor and transformer 
ratings may, in fact, be considerably lower than in other 
stabilizer circuits having a comparable output. 

The cathode-follower stabilized power pack, when 
designed for current ranges up to about 60mA and, output 
voltages up to 250V is a very: flexible and useful circuit. 
The voltage range can be considerably extended if a longer 
chain of reference-voltage neon tubes is not thought un- 


desirable, or if a suitable external source of reference- 
voltage is available. It does, however, seem particularly 
suited to lower voltage applications. A power supply unit 
embodying these principles and which is particularly suit. 
able for electrophoresis applications is being manufactured 
by Messrs. A. Gallenkamp and Co. Ltd, Sun Street, 
London, E.C.2. 
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A Television Line Selector Unit 


By. P. L. Mothersole*, Grad.I.E.E. 


This article describes a line selector unit, designed to enable a normal triggered oscilloscope to be 
used as a television line waveform monitor. 


The difficulties of obtaining a jitter-free display are discussed, and methods described to overcome 


them. 


[* television experimental work it is frequently desirable 
to display a single line of video signal on an oscillo- 
scope. With a normal repetitive oscilloscope display all 
lines are superimposed, and it is impossible to observe 
phenomena connected with one particular line. 

The separate display of a single line, or a group of 
lines, can be achieved by using a triggered oscilloscope 
with the trigger having a variable delay from some fixed 
point in either the complete picture cycle, or the frame 
cycle. 

If one particular line is to be displayed then the p.r.f. 
of the trigger pulse must be the same as the picture 
repetition frequency, e.g. 25c/s for the 405- and 625-line 
systems. 

When investigating waveforms associated with a frame 
time-base and its synchronizing cireuits it is often desir- 
able to superimpose the odd and even frame waveforms. 
The p.r.f. of the trigger pulse is then required to be 50c/s. 

This article describes a unit designed to enable any 
normal triggered oscilloscope to display a selected line 
waveform. The p.r.f. of the outout trigger pulse can be 
25 or 50c/s. 


Delay Circuit 

The delay circuit must be operated by every other frame 
synchronizing pulse to produce an output p.r.f. of 25c/s 
and be free from jitter. A normal trigger delay circuit 
(e.g. sanatron) is satisfactory for delays up to about 30 
times the final sweep time, i.e. delay 3msec, sweep time 
100usec. A line selector must, however, vrovide a delay 
of over 0-02sec with a sweep time of 100usec. When sweep 
expansion is used to examine part of a line the final dis- 
play time may be 10Qusec or less. 


* Mullard Research Laboratories. 


ELECTRONIC ENGINEERING 520 


To obtain a jitter-free display of a particular line wave- 
form, the line synchronizing pulse may be used to trigger 
the oscilloscope. A conventional delay generator can be 
used to operate a gate circuit to which is applied the 
normal synchronizing waveform. Single line synchroniz- 
ing pulses are passed through the gate. 

A selector system operating on this principle is shown 
in Fig. 1. The frame synchronizing pulse is separated 
from the input waveform and used to trigger a sanatron 
delay circuit. The delayed edge triggers a gate pulse 
generator which opens a gate for the duration of one line, 
in this case 90usec approximately. The appropriate line 
synchronizing pulse passes through the gate and may be 
used to trigger the oscilloscope. Any jitter associated with 
the delay generator and gate circuit cannot produce jitter 


Fig. 1. Selection of a synchronizing pulse using a gate circuit 
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on the oscilloscope trace since this is triggered by the line 
pulse of the displayed line. 

An alternative method is to use the line synchronizing 
pulses to trigger back the delay generator. This saves the 
complexity of a gate pulse generator and coincidence gate. 
A convenient method is to add the differentiated line 
synchronizing pulses to the linear rundown waveform of 
a Miller circuit, triggered by the frame synchronizing 
pulses. This principle is shown in Fig. 2. The combined 
waveform is d.c. coupled to a cathode coupled Schmitt 
trigger circuit. The trigger point of this circuit is deter- 
mined by its d.c. level and will be initiated by the leading 
edge of the line synchronizing pulse. The negative edge 


aS 











Syne —— 


Input | J SYNC MILLER 


a SEPARATOR VALVE 


SCHMITT 
a 
3 TRIGGER [Output Nieow 
ulse 
































Fig. 2. Selection of a synchronizing pulse using a trigger circuit 


of the output pulse may therefore be used to trigger the 
oscilloscope. 

The above systems are satisfactory only for the display 
of waveforms at a p.r.f. of 25c/s. A p.r.f. of 50c/s is 
often required for investigating faulty interlacing in frame 
circuits. The frame pulse cannot be used to initiate the 
delay since it is often the frame pulse and the preceding 
lines that are under investigation. Most laboratory pattern 
generators can provide a 50c/s square or sine wave output 
locked to the frame pulse, and this waveform may be 
used to initiate a delay circuit. Since a trigger pulse 
derived from the line pulses cannot be used, a stepped 
delay is only possible if the twice line frequency 
(20-25kc/s) pulses are used. 

In practice the oscilloscope trace duration will be 
about 600usec, to cover the complete frame synchronizing 
waveform. The maximum ratio of delay to sweep time 
is therefore about 30 and a conventional] delay circuit can 
be used. ; 


Compiete Instrument Requirements 
INPUT 

The instrument must be able to handle signals of either 
polarity, at a high or low impedance level, and provide 
an 802) termination if required. A synchronizing separator 
should be incorporated, to enable it to operate from a 
composite video waveform. The input circuits must handle 
signal voltages between 0-5 and 50V. This may be covered 
In two ranges, 0°5 to 5V, and 5 to SOV. The input 
impedance on this latter range must be high to enable 
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the instrument to operate from the cathode of a c.r.t. in 
a television. receiver. 

Facilities must be provided to operate the delay circuit 
as a conventional trigger delay with an output p.r.f. of 
50c/s when a 50c/s input is available. This input may 
be a sine wave or square wave with an amplitude between 
1 and 10V. Provision should also be provided to derive 
this input from the mains input. 


DELAY RANGE AND P.R.F. 

When the output p.r.f. is 25c/s the stepped delay must 
cover a complete frame period (0-02sec). The delay must be 
switched to select trigger pulses from odd or even frames. 

With a p.r.f. of 50c/s, the continuous delay should 
cover half a frame period (0-Olsec), the phase being 
switched to cover the complete frame period. With a p.r.f. 
of 50c/s the output jitter, expressed as a percentage of 
non-interlace, must be less than 5 per cent. 


OUTPUT PULSE 

Two output pulses should be provided, one to trigger 
the oscilloscope, the other for application to the grid of 
a c.r.t. in a video monitor to mark the selected line. A 
pulse amplitude of 30V and a duration corresponding to 
half a line width (SOQusec approximately) has been found 
satisfactory. 


Complete Circuit Description 

A block diagram of the instrument is shown in Fig. 3, 
and the circuit diagram in Fig. 4. The mode of operation 
of the unit is controlled by the system switch, S:, shown 
in the video position (line selector p.r.f. 25c/s). 

The low impedance input terminal is coupled through 
a capacitor to the first triode (Via) grid. An 8022 resistor 
may be switched across this input to terminate the cable 
if required (S;). The high impedance input terminal is 
connected to a compensated resistive divider providing 
about 10:1 attenuation of applied signals. The triode Via 
operates as a phase-splitter, with equal anode and cathode 
loads. The phase of input to the cathode compensated 
pentode video amplifier, Vi», is selected by the phase 
switch, So. 

The amplified negative-going video signal is a.c. coupled 
to the pentode limiter V2. and d.c. restored by grid current. 
Since the video component is beyond cut-off, negative 
synchronizing pulses only are produced at the anode. This 
waveform is integrated by Ri; and Cy and d.c. coupled to 
the triode limiter V2». This valve is held in grid current 
by the d.c. coupling but cut-off by the integrated frame 
pulse. The positive pulse at the anode is differentiated 
and coupled to the pulse shaper Vsa. This valve is held 
cut-off by the positive cathode potential, its anode being 
at h.t. potential. 

The short suppressor grid base pentode, V;, is connected 
as a Miller integrator. The control grid is held in grid 
current, but the anode current is cut-off by the d.c. con- 
nexion from the screen to suppressor grid (R3:R3;) and the 
positive cathode potential. The anode potential is there- 
fore close to the h.t. and the gate diode Vi, almost con- 
ducting. 

The negative frame pulse from Vs. anode initiates the 
anode rundown, the rate of fall being determined by the 
grid aiming potential (VR.) and the time-constant of the 
circuit Ros, Ro and Cu. The Miller valve is reset when 
the anode bottoms by the transitron action due to the 
screen suppressor connexion, Ci;, Rs. The grid time- 
constant is adjusted for a 25c/s v.r.f. (VRi), the complete 
cycle just occupying a double frame period (0-04sec). 

To change from odd to even frames, a single run-down 
may be lengthened to miss one trigger pulse. This is con- 
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Assessment of Cathode-Follower Power Supplies 

As previously suggested, the main advantage of the 
cathode-follower type power supply is the ease with which 
the output voltage can be varied. When the properties of 
the series type stabilizer are added to it, its performance 
compares very favourably with its nearest fixed-voltage 
counterpart, the simple neon tube stabilized power pack. 
Both percentage stabilization ratio and output impedance 
are better and. the cost is very little altered, the normal 
rectifier being replaced by the triode valves and a small 
metal rectifier added. The capacitor and transformer 
ratings may, in fact, be considerably lower than in other 
stabilizer circuits having a comparable output. 

The cathode-follower stabilized power pack, when 
designed for current ranges up to about 60mA and, output 
voltages up to 250V is a very. flexible and useful circuit. 
The voltage range can be considerably extended if a longer 
chain of reference-voltage neon tubes is not thought. un- 





desirable, or if a suitable external source of reference. 
voltage is available. It does, however, seem particularly 
suited to lower voltage applications. A power supply unit 
embodying these principles and which is particularly suit. 
able for electrophoresis applications is being manufactured 
by Messrs. A. Gallenkamp and Co. Ltd, Sun Street, 
London, E.C.2. 
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A Television Line Selector Unit 


By P. L. Mothersole*, Grad.1.E.E. 


This article describes a line selector unit, designed to enable a normal triggered oscilloscope to be 
used as a television line waveform monitor. 


The difficulties of obtaining a jitter-free display are discussed, and methods described to overcome 


them. 


[* television experimental work it is frequently desirable 
to display a single line of video signal on an oscillo- 
scope. With a normal repetitive oscilloscope display all 
lines are superimposed, and it is impossible to observe 
phenomena connected with one particular line. 

The separate display of a single line, or a group of 
lines, can be achieved by using a triggered oscilloscope 
with the trigger having a variable delay from some fixed 
point in either the complete picture cycle, or the frame 
cycle. 

If one particular line is to be displayed then the p.r.f. 
of the trigger pulse must be the same as the picture 
repetition frequency, e.g. 25c/s for the 405- and 625-line 
systems. 

When investigating waveforms associated with a frame 
time-base and its synchronizing cireuits it is often desir- 
able to superimpose the odd and even frame waveforms. 
The p.r.f. of the trigger pulse is then required to be 50c/s. 

This article describes a unit designed to enable any 
normal triggered oscilloscope to display a selected line 
waveform. The p.r.f. of the outvut trigger pulse can be 
25 or 50c/s. 


Delay Circuit 

The delay circuit must be operated by every other frame 
synchronizing pulse to produce an output p.r.f. of 25c/s 
and be free from jitter. A normal trigger delay circuit 
(e.g. sanatron) is satisfactory for delays up to about 30 
times the final sweep time, i.e. delay 3msec, sweep time 
100usec. A line selector must, however, provide a delay 
of over 0:02sec with a sweep time of 100usec. When sweep 
expansion is used to examine part of a line the final dis- 
play time may be 10Qusec or less. 


* Mullard Research Laboratories. 
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To obtain a jitter-free display of a particular line wave- 
form, the line synchronizing pulse may be used to trigger 
the oscilloscope. A conventional delay generator can be 
used to operate a gate circuit to which is applied the 
normal synchronizing waveform. Single line synchroniz- 
ing pulses are passed through the gate. 

A selector system operating on this principle is shown 
in Fig. 1. The frame synchronizing pulse is separated 
from the input waveform and used to trigger a sanatron 
delay circuit. The delayed edge triggers a gate pulse 
generator which opens a gate for the duration of one line, 
in this case 90usec approximately. The appropriate line 
synchronizing pulse passes through the gate and may be 
used to trigger the oscilloscope. Any jitter associated with 
the delay generator and gate circuit cannot produce jitter 


Fig. 1. Selection of a synchronizing pulse using a gate circuit 
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on the oscilloscope trace since this is triggered by the line 
pulse of the displayed line. 

An alternative method is to use the line synchronizing 
pulses to trigger back the delay generator. This saves the 
complexity of a gate pulse generator and coincidence gate. 
A convenient method is to add the differentiated line 
synchronizing pulses to the linear rundown waveform of 
a Miller circuit, triggered by the frame synchronizing 
pulses. This principle is shown in Fig. 2. The combined 
waveform is d.c. coupled to a cathode coupled Schmitt 
trigger circuit. The trigger point of this circuit is deter- 
mined by its d.c. level and will be initiated by the leading 
edge of the line synchronizing pulse. The negative edge 
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Fig. 2. Selection of a synchronizing pulse using a trigger circuit 


of the output pulse may therefore be used to trigger the 
oscilloscope. 

The above systems are satisfactory only for the display 
of waveforms at a p.r.f. of 25c/s. A p.r.f. of 50c/s is 
often required for investigating faulty interlacing in frame 
circuits. The frame pulse cannot be used to initiate the 
delay since it is often the frame pulse and the preceding 
lines that are under investigation. Most laboratory pattern 
generators can provide a 50c/s square or sine wave output 
locked to the frame pulse, and this waveform may be 
used to initiate a delay circuit. Since a trigger pulse 
derived from the line pulses cannot be used, a stepped 
delay is only possible if the twice line frequency 
(20-25kc/s) pulses are used. 

In practice the oscilloscope trace duration will be 
about 600usec, to cover the complete frame synchronizing 
waveform. The maximum ratio of delay to sweep time 
is therefore about 30 and a conventional delay circuit can 
be used. ; 


Compiete Instrument Requirements 
INPUT 


The instrument must be able to handle signals of either 
polarity, at a high or low impedance level, and provide 
an 802 termination if required. A synchronizing separator 
Should be incorporated, to enable it to operate from a 
composite video waveform. The input circuits must handle 
signal voltages between 0:5 and 50V. This may be covered 
In two ranges, 0-5 to 5V, and 5 to SOV. The input 
impedance on this latter range must be high to enable 
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the instrument to operate from the cathode of a c.r.t. in 
a television. receiver. 

Facilities must be provided to operate the delay circuit 
as a conventional trigger delay with an output p.r.f. of 
50c/s when a 50c/s input is available. This input may 
be a sine wave or square wave with an amplitude between 
1 and 10V. Provision should also be provided to derive 
this input from the mains input. 


DELAY RANGE AND P.R.F. 

When the output p.r.f. is 25c/s the stepped delay must 
cover a complete frame period (0-02sec). The delay must be 
switched to select trigger pulses from odd or even frames. 

With a p.rf. of 50c/s, the continuous delay should 
cover half a frame period (0-Olsec), the phase being 
switched to cover the complete frame period. With a p.r.f. 
of 50c/s the output jitter, expressed as a percentage of 
non-interlace, must be less than 5 per cent. 


OUTPUT PULSE 

Two output pulses should be provided, one to trigger 
the oscilloscope, the other for application to the grid of 
a c.r.t. in a video monitor to mark the selected line. A 
pulse amplitude of 30V and a duration corresponding to 
half a line width (SOusec approximately) has been found 
satisfactory. 


Complete Circuit Description 

A block diagram of the instrument is shown in Fig. 3, 
and the circuit diagram in Fig. 4. The mode of operation 
of the unit is controlled by the system switch, Si, shown 
in the video position (line selector p.r.f. 25c/s). 

The low impedance input terminal is coupled through 
a capacitor to the first triode (Via) grid. An 802 resistor 
may be switched across this input to terminate the cable 
if required (S;). The» high impedance input terminal is 
connected to a compensated resistive divider providing 
about 10:1 attenuation of applied signals. The triode Via 
operates as a phase-splitter, with equal anode and cathode 
loads. The phase of input to the cathode compensated 
pentode video amplifier, Viv, is selected by the phase 
switch, So. 

The amplified negative-going video signal is a.c. coupled 
to the pentode limiter V2. and d.c. restored by grid current. 
Since the video component is beyond cut-off, negative 
synchronizing pulses only are produced at the anode. This 
waveform is integrated by Ri; and C, and d.c. coupled to 
the triode limiter V2,. This valve is held in grid current 
by the d.c. coupling but cut-off by the integrated frame 
pulse. The positive pulse at the anode is differentiated 
and coupled to the pulse shaper V3. This valve is held 
cut-off by the positive cathode potential, its anode being 
at h.t. potential. 

The short suppressor grid base pentode, V;, is connected 
as a Miller integrator. The control grid is held in grid 
current, but the anode current is cut-off by the d.c. con- 
nexion from the screen to suppressor grid (Rs:Rs3;) and the 
positive cathode potential. The anode potential is there- 
fore close to the h.t. and the gate diode V.. almost con- 
ducting. 

The negative frame pulse from V3. anode initiates the 
anode rundown, the rate of fall being determined by the 
grid aiming potential (VR.) and the time-constant of the 
circuit Ros, Ro and Cy. The Miller valve is reset when 
the anode bottoms by the transitron action due to the 
screen suppressor connexion, Ci;, Rs. The grid time- 
constant is adjusted for a 25c/s v.r.f. (VR), the complete 
cycle just occupying a double frame period (0-04sec). 

To change from odd to even frames, a single run-down 
may be lengthened to miss one trigger pulse. This is con- 
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yeniently done by momentarily lowering the aiming 
potential. The capacitor Cy, and the press-button switch 
§, enable this to be done. 

The Miller valve’s anode is d.c.-coupled via R33 to the 
control grid of a Schmitt trigger circuit, Vs»Vza. Also 
applied to this grid are the negative line synchronizing 
pulses differentiated by Cis. The trigger level of the Schmitt 
js determined by the d.c. level of Via control grid. This 
potential is varied by the delay controls VR2, VRs3. At the 
start of the run down V3» is conducting, Vz. cut-off, its 
anode at h.t. potential. When the circuit triggers, the nega- 
tive going Output is differentiated and coupled via the gate 
diode Vs» to the monstable pair, Vz»Vsa. In the stable 
state, Vz» is cut off by the cathode current of Vsa. The 
time-constant of the circuit (CuRu) is arranged to produce 
a 50usec positive pulse at Vs. anode. 

This pulse is coupled to the output valve, Vs», which 
operates as a phase-splitter with equal anode and cathode 
loads. 

When the system switch, S$), is switched to the 50c/s 
position, the 50c/s sine or square wave input signal is 
applied to the input phase splitter. The video amplifier 
and pentode limiter operate as before. The integrator cir- 
cuit is by-passed by Cz, and the Miller circuit is initiated 
by the negative-going edge. The Miller valve’s grid circuit 
time-constant is shortened to enable the circuit to reset 
in one frame period, the output p.r.f. being 50c/s. The 
Schmitt trigger circuit is triggered by the Miller output 
only. The delayed output pulse being. determined as before 
by the d.c. level of the circuit. 

The total continuous delay in the 50c/s position cor- 
responds to a half frame period, (0-Olsec). Full coverage 
may be obtained by using the input phase switch to produce 
a 180° phase change in the square wave triggering the 
Miller circuit. 

An additional position is provided on the system switch 
to enable the 50c/s trigger pulse to be derived from the 


Fig. 5(a). Test card ‘C’ with marker pulse, (b) corresponding video waveform 
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Fig. 6(a). Test card ‘C’ with marker pulse, (b) corresponding video wave- 
form, (c) expanded portion of video waveform 


mains input. Due to the ‘spongy’ mains lock in pattern 
generators this last position is not suitable for very 
expanded oscilloscope displays. 

The circuits are designed to operate from a +300V 
supply, the consumption being 50mA. The power supply 
is conventional, using a single series valve, Vu, a control 
amplifier, Vo, and reference tube, Vv. 


Results and Conclusions 

The instrument described has had many months of 
continuous use on both 405-line and 625-line systems. It 
enables test signals to be examined in detail and photo- 
graphs of test card ‘C’ with the marker pulse together 
with the corresponding video waveforms are shown, Figs. 
5 and 6. From the video waveforms, the overshoot and 
high and low frequency response can be accurately 
measured. 

Instruments providing the facilities described in this 
article are believed to be indispensable in any television 
development or research laboratory. It is also felt that 
an instrument of the type described would be very useful 
in television service work. 
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Microwave | Measuring Devices 


By H. H. Klinger*, Dipl.—tIng. 


The article reviews the principles and characteristics of microwave measuring devices for radio link 

systems and in particular*deals with devices required for developing testing, installing and monitor- 

ing link systems, e.g. measuring oscillators, frequency meters, impedance measuring devices, calibrated 
- attenuators, wattmeter multipliers, and low-pass filters. ; 


, * pa high frequencies have attained considerable 


importance due to the development of the technique 
of radio link transmission. Suitable measuring devices 
are required for these frequencies and their applications. 
Their essential characteristics are the use of coaxial trans- 
mission lines, waveguides, coaxial circuits and cavity 








Fig. 1. Two-stage measuring oscillator 3W58 for frequencies 309 to 1 000Mc/s 
(Above). Outside view of assembled oscillator 
(Below). Inside view of assembled oscillator 


resonators as measuring circuits. In the following, an 
account is given of measuring devices for radio link trans- 
mission systems in the decimetre and centimetre range 
which have been developed by Siemens & Halske A. G. 
for this purpose. 


Measuring Oscillators 


Suitable measuring oscillators are of primary importance 
for carrying out exact measurements at high frequencies. 
They must possess a high stability of frequency and 
amplitude and be highly insénsitive to fluctuations in the 
supply voltage and to mechanical vibrations. In addition, 
frequency and output must be finely and reproduceably 
adjustable over a wide range. 

The two-stage measuring oscillator type 3W58 (Fig. 1) 


* Siemens & Halske A. G., Erlangen. 
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was developed for the range of 300 to | 000Mc/s. It has 
a disk triode type 2C39A operating as an oscillator valve 
in a grounded-grid circuit. The resonant circuits are 
coaxial transmission lines adjusted by short-circuit pistons, 
The high stability of frequency of this device, its fine and 
reproduceable frequency adjustment to 10-° and an 
additional fine adjustment—range of variation up to 
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Fig. 2. Basic diagram and construction of measuring oscillator 3W58 


+3x10-*—are of advantage, particularly for node 
measurement in measuring circuits, for measurements on 
steep filter curves and for the determination of the high 
figure of merit of cavity circuits. The oscillator works 
practically non-reactively, owing to its two-stage design 
(oscillator and buffer-stage) so that the transmission 
frequency changes but slightly even with high output and 
variations in load. Simple manipulation is accomplished 
by single button control notwithstanding the multi-stage 
design of the oscillator. Fig. 2 shows the basic diagram 
of the test oscillator which may be self- or externa!ly- 
modulated. Pulses with a p.r.f. of 1 000p/s are produced 
in the modulation element for self-modulation. The pulse 
ratio may be adjusted from 1:1 to 1:10. 

The measuring oscillator type 3W59 for the range of 
1500 to 2700Mc/s has a disk triode type 2C40 in a 
grounded-grid circuit with coaxial tuners. This device is 
suitable as current source for impedance matching 
measurements on aerials, transmitter and receiver cables 
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as well as for measurements on microwave components 
and sensitivity measurements on receivers. 

The test oscillator type 3W513 was developed for the 
range of 2 400 to 4500Mc/s. A reflex klystron is used as 
an oscillator. A coaxial transmission line with a capacitive 
short-circuit piston is used as resonant circuit. The reflector 
voltage of the klystron is varied simultaneously with the 
tuning so that the correct supply voltage is used on the 
klystron independent of frequency. A 50c/s voltage is 
used for wobbling the frequency of the output voltage. 
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Fig. 3. Diagram of frequency yn 3F120/121 for the range 1 500 to 


Me/s 


The maximum high frequency power is about 100mW. 
An accurately adjustable waveguide attenuator with a 
range of 120dB is installed for using the device as a 
receiver test oscillator. The oscillator can be self- or 
externally-modulated with rectangular pulses. 

The measuring oscillator type 3W515 for the frequency 
range of 4400 to 9100Mc/s is similar in design. 


Frequency Meters 


Frequency measurements up to about 2000Mc/s may 
be attained by using coaxial strip tuners arranged in a 
ring as resonant circuits, in which case an accuracy of 
measurement of 0:5 to 1 per cent is obtained. A greater 
accuracy of measurement corresponding to 10~‘ is obtained 
with frequency meters in which tunable coaxial quarter- 
wavelength lines serve as resonant circuits, one end being 
short-circuited while the other end is open. Figs. 3 and 4 
show the circuit diagram and construction of the fre- 
quency meter tyne 3F120/121 for the range of 1 500 to 
5000Mc/s (type 3F1I20 with coaxial through-section 
and type 3F121 with waveguide through-section) respec- 
tively. The through-section and the crystal rectifier, 
arranged in the measuring head of the frequency meter, 
are loosely coupled to the resonant line near the short- 
circuited end. The high accuracy of adjustment and 
measurement of this device is mainly achieved by a spindle 
drive made of invar-steel, for the tuning of the coaxial 
transmission line. 

A still higher accuracy of measurement corresponding 
to an error +5~x10~° can be achieved with the frequency 
meter type 3F112a/b in which a cylindrical cavity resonator 
excited in the fundamental mode is used as a measuring 
circuit. It is intended for service and laboratory measure- 
ments for radio link systems in the range of 2400 to 
2700Mc/s. The frequency may be tuned within this 
range by an axial plunger in the cavity. 

The heterodyne frequency meter type 3F113 (Fig. 5) 
was developed for particularly accurate measurements in 
the range of 950 to 5000Mc/s. An approximate measure- 
ment may be made by a built-in resonant frequency meter. 
This contains two scales, one for the direct reading of the 
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frequency with an error of 0-5_per cent and the second one 
giving the order of the harmonic required for the fine 
measurement of frequency. For the exact measurement 
the 10% to 50% harmonic of a_ highly stable local 
oscillator (frequency range 95 to 105Mc/s) is compared 
with the frequency to be measured. The resonant circuit 
of the highly stable local oscillator for the fine measure- 
ment consists of a low-loss temperature compensated co- 
axial circuit of high capacitanoe across which is ccnnected 
a small variable capacitor with a linear frequency scale. A 
precision drive enables the frequency to be read 
to an accuracy of 5 x 10°°. The frequency of the 
local oscillator may be standardized against a 
built-in crystal-controlled multi-frequency cali- 
brator with an absolute error of 5 x 10-°. This 
calibrator has scale divisions of 1 or 0:2Mc/s. 
The frequency of the local oscillator may be so 
frequency scale coincides 
absolutely with the crystal standard at the multi- 
frequency calibrator points. 


Wattmeters 

High frequency power in the range up to about 
3 000Mc/s may be measured with high accuracy 
with the thermal wattmeter type 3U81. The r.f. 
power is dissipated as thermal power in a 
resistive termination closely matching the charac- 
teristic impedance of the coaxial line so as 
to produce a temperature difference proportional to the rf. 
power. The temperature of the resistor is measured by the 
aid of two copper windings arranged on the outside of the 
conductor, the difference in the resistance of these windings 
being indicated by a bridge with amplifier attached (Fig. 
6). The change in resistance is proportional to the high 
frequency power to be measured so that the instrument 
may be calibrated directly in milliwatts. The terminal 
resistance changes its value so slightly that the wattmeter 
may also be used as a voltme‘er with a resistance of 60. 
A power of 16-7mW correspends to a voltage of 1V. The 
calibration of the instrument is done with direct current. 
The minimum readable power is about 2mW at a measur- 
ing range of 200 to 500mW (full scale). Large high fre- 
quency powers, up to 10 or 25W, may be measured by 
using wattmeter multipliers (type 3U82 or 3U83) (Fig. 7). 


Impedance Meters 

The slotted coaxial transmissicn line is the standard 
device for determining impedances in the decimetre range 
(300 to 3000Mc/s). Fig. 8 shows the coaxial measuring 
transmission line type 3R221 for the range of 600 to 
6000Mc/s. The v.s.w.r. along the line is measured by 


Fig. 4. Frequency meter 3F120 for 1600 to 5 000Mc s 
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Fig. 6. Basic diagram of the thermal wattmeter 3U81 for the range of 
0 to 3 000Mc/s and cross-section of the measuring head 


Fig. 7. Thermal wattmeter with terminal resistor (left) and wattmeter 


multiplier, with blower for cooling (right) 
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means of a crystal rectifier probe with adjustable depth 
inserted into a slot in the line. The position of the probe 
can be read accurately to 001mm on a drum fitted with a 
vernier. An indicating amplifier is necessary. for precision 
measurements requiring considerable decoupling between 
the oscillator and measuring circuit. A d.c. voltage ampli- 
fier, e.g. type Rel 3U13, is used for the purpose in measure- 
ments with unmodulated high frequency voltage, and a 
level meter, e.g. Rel 3D311, with modulated high frequency 
voltage. 

Waveguide measuring circuits prove to be of increasing 
importance in the centimetre range (3 000 to 30 000Mc/s) 
when the wavelength of the electromagnetic oscillations 
begins to be less than the circumference of the outer tube 
of the coaxial conductor. The waveguide measuring cir- 
cuit type Rel 3R224 (Fig. 9) was developed for the range 
of 2600 to 12400Mc/s. This measuring circuit possesses 
interchangeable waveguides with five different cross- 


Fig. 8. Coaxial measuring circuit Rel 3R221 for the range of 600 to 
6 000Mc/s 
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gctions adapted to the different frequency ranges and 
fitted with slits into which the probe dips. The field along 
the measuring section may be explored with the probe by 
means of a carriage with a friction drive. Suitable indi- 
cating amplifiers as mentioned in the preceding examples 
are necessary for precision measurements. The location of 
the probe on the measuring circuit can be read with an 
accuracy of 0-Olmm on a ground glass by means of a 
yernier and a special optical system. 





Fig. 9. Waveguide measuring circuit Rel 3R224 for the range of 2 600 to 
1 


2 400Mc/s with interchangeable waveguides 
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Fig. 10. Basic diagram of the reflection facter meter 3R29 for 50 to 
1 @00Mc/s and of the refiection factor meter 3R225 for 300 to 3 000Mc/s 


Rapid determination of the amount of resistance match- 
ing between an oscillator and the characteristic impedance 
of supply cables and aerials must frequently be carried 
out. ‘ Reflection coefficient meters ’ have been developed for 
this purpose, the performance of which corresponds in 
principle to the balance attenuation method well known 
in low frequency engineering (Fig. 10). A coaxial circuit 
to which the high frequency voltage is applied coaxially 
in the centre replaces the differential transformer usual at 
low frequencies. The bridge output voltage is taken from 
the junction ‘standard-measuring specimen’ in the sym- 
metry plane of the coaxial circuit and rectified by a built- 


DECEMBER 1956 (H) 


in rectifier. The ratio between bridge output voltage and 
bridge input voltage is a measure of the reflection coefficient. 
In order to enable very small values of the reflection co- 
efficient to be measured the device is fitted with a chopper 
relay which converts the d.c. voltage on the rectifier of the 
bridge into an alternating voltage at 50c/s. This a.c. is fed 
through a two-stage stabilized amplifier to the indicating 
instrument which is calibrated directly in values of the 
reflection factor for constant bridge input voltages. The 
reflection coefficient meter type 3R29 is for frequencies* of 
50 to 1 000Mc/s. The reflection coefficient meter type 3R225 
is a corresponding instrument for the range of 300 to 
3000Mc/s. The special advantage of these indicators is 
that the accuracy of measuring increases with decreasing 
values of the reflection coefficient. 





Fig. 11. Accessories for coaxial measurement: short-circuit stub, 60() 
capacitive divider, 20dB attenuator, 60{) terminating resistor, 10dB 
attenuator 
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Fig. 12. Accessories for waveguide measurement: terminating resistor, 
attenuator, coupler waveguide-coaxial line, short-circuiting stub 


Accessories 

Accessories such as calibrating circuits, potentiometers, 
terminal elements, low-pass filters and attenuating elements 
are required for installing measuring sets. These acces- 
sories are made either as coaxial or as waveguide elements, 
depending on the technique basically applied. The acces- 
sories for the coaxial technique comprise, apart from the 
usual connecting lines and plugs and sockets, 602 terminal 
resistors, coaxial ohmic and capacitive potentiometers, 
variable attenuation elements, short-circuit lines and transit 
voltage testers for frequencies up to 5000Mc/s (Fig. 11). 
As accessories for the waveguide technique (rectangular 
waveguides with an inside cross-section of 58 x 29mm) 
a terminal resistor for a load of 2W, variable attenuation 
elements with an attenuation range from 0-3 to 40dB, a 
reactive waveguide with short-circuiting stub and a coupler 
waveguide-coaxial line for the frequency range from 3 300 
to 5000Mc/s have been developed (Fig. 12). 
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The Design of Cold-Cathode Valve Circuits 


(Part 3) 


By J. E. Flood*, Ph.D., A.M.LE.E. and J. B. Warman*, A.M.I.E.E. 


Gating Circuits Using Diodes 

The previous sections have almost entirely been confined 
to triode circuits and the reader may wonder why diode 
circuits were not discussed first, since the valve itself is a 
more elementary device. This has been done deliberately, 
however, because the diode has its own properties that make 
it complementary to the triode, but with its own special 
applications. A common failing of engineers just com- 
mencing to design cold-cathode valve circuits is to regard 
the diode as inherently inferior to the triode, which they 
attempt to use for all purposes. This approach results in 
circuits that are not only expensive but clumsy, because 
arrangements always have to be made to extinguish triodes. 

Basic circuits for OR and AND gates using cold-cathode 
diodes are shown in Fig. 26(a) and (b). These circuits can 
use small inexpensive diodes such as the 2N1 and NT2. In 
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Fig. 26. Gating circuits using cold-cathode diodes 


(a) A OR B gate 
(b) A AND B gate 
(c) A AND NOT B gate 


Fig. 26(a), a voltage V (which exceeds the striking voltage 
V;) applied to either input terminal will cause a valve to 
fire. The voltage which then appears at the output is 
(V — Vm). If this is less than V;, the other valve cannot 
fire and the input terminals remain isolated from each 
other. The AND gate shown in Fig. 26(b) operates on the 
pulse-plus-bias principle. The signal voltage V applied to 
each input terminal should be less than Vs, so that neither 
input alone can fire the valve. When a pulse is applied from 
terminal a after the bias from terminal B, the voltage 
applied to the valve is 2V. The valve then fires and a 
voltage (2V — Vm) appears at the output. For the circuit 
to operate as described, one obviously requires: 
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When gating circuits were considered previously, it was 
shown that or and AND circuits could be simply designed 
using triode valves, but it was very difficult to give a Nor 
condition. The diode, however, can be used for a nor 
condition as simply as for an AND condition; this is shown 
in Fig. 26(c). If a positive V, (greater than Vs) is applied 
to input terminal a the valve will fire and a voltage (V, — 
Vm) is delivered to the output terminal as a pulse via the 
capacitor. However, if a positive bias voltage V> is applied 
to terminal B the p.d. developed across the diode will be too 
small to fire it and no voltage appears at the output 
terminal. 


“ce {3} 








ir J 7 
Pulse 
A 
Cc 
(a) 
2 
positive bias 
condition 
Pulse 
A Greenest Fe 
Cc 
Pulse 
- 
; (b) 
c 
positive bias 
condition 
Pulse 
oe | }— 
c 2 
(c) 


' mI 


positive bias positive bias 
condition condition 
Fig. 27. More complex gating circuits 
(a) A AND B OR C 


(b) A OR B AND NOT C 
(c) A AND B AND NOT C 


To operate as described, the conditions applied to the 
circuit must comply with the following: 


Vo < Vs < V»p 
and 
(V> — V>) X Vs 
The circuits shown in Figs. 26(a), (b) and (c) can be com- 
bined to perform more complicated logical functions. Some 
examples are shown in Fig. 27. In all these circuits, the 


diodes extinguish autornatically when the input voltages are 
removed. 
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Diode Trigger and Counter Circuits 

The cold-cathode diode can be used as a trigger circuit 
because its strike voltage V; is greater than its maintain 
voltage Vm. Thus, if a signal causes the valve to fire by 
making the p.d. across it more than Vs, the valve will still 
conduct after the signal is removed provided that the p.d. 
across it still exceeds Vm. For this action to be reliable and 
to provide a useful output voltage, the difference between 
V; and Vm should be large; diodes such as the XC14 and 
2N3 are suitable and are sometimes called ‘ difference 
diodes’. The chief difficulty encountered when using a 
diode in trigger circuits is to provide isolation between the 
input and output terminals, because these have to be con- 
nected to the same pair of electrodes. This difficulty does 
not arise when a triode is used, because the input signal is 
applied to the trigger-cathode gap and the output taken 
from the anode-cathode gap. Most cold-cathode trigger 
circuits and counters have hitherto been designed using 
triodes, but the recent introduction of difference diodes has 
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Fig. 28. Trigger circuit stages using ‘difference’ diodes 


When such circuits as counters are to be designed, it is 
sometimes possible to design a simpler circuit by considering 
the counter as a whole rather than as a number of intercon- 
nected trigger circuits. A very simple counter circuit using 
diodes” is shown in Fig. 29. If, initially, diode Vi is ‘on’ 
and the remainder are ‘ off’, the cathode of V: only is at 
a positive potential. Rectifier MR: is conducting and the 
capacitor C, charges up to the cathode potential of Vi. A 
negative pulse applied via capacitor C, extinguishes V; and 
its cathode potential falls to earth. The capacitor C, retains 
its charge, so the cathode of V2 becomes negative and recti- 
fier MRz2 is biased off. When the pulse disappears, the 
anode voltage of the valves rises towards the h.t. voltage 
and the p.d. across V2 (whose cathode is negative) becomes 
sufficient to fire this valve. The pulse has thus transferred 
the conducting condition from V; to V2 and subsequent 
pulses will transfer it further along the chain. 

A very simple pattern register using diodes" is shown in 
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Fig. 30. Pattern register using diodes 


led to the development of practical trigger circuits using 
diodes. 

One way of obtaining the necessary isolation between 
input and output circuits is to use rectifiers. Two stages 
of a trigger circuit which make use of this technique’ are 
shown in Fig. 28. If, initially, the diode V: is ‘on’ and 
V2 is ‘ off’, the cathode of V: is providing a positive out- 
put voltage (Va — Vm) which charges capacitor C; via R. 
When a positive pulse is applied via C1, rectifier MR, con- 
ducts, the cathode potential of V; is raised and this valve 
extinguishes. 

The pulse applied via C; also makes MR, conduct and 
raises the anode potential of V2 above the h.t. voltage Va; 
this biases-off rectifier MR; and fires the valve. The pulse 
has thus transferred the conducting condition from Vi: to 
V.. The output voltage from V2 can be applied to another 
similar stage or can be connected back to the anode of V3. 
This circuit is reliable and versatile. It can be used as a 
Standard building block to construct a variety of more 
complex circuits, such as counters and pattern stores. 
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Fig. 30. Marking signals are stored as charges on capa- 
citors and are transferred from one capacitor to the next 
when the diode between them is fired by an applied pulse. 
Two pulse supply lines are required for stepping the store; 
alternate pulses appear on each line. Assume that, initially, 
capacitor C; is charged by momentarily closing switch $1 
but all the other capacitors are uncharged. Application of 
pulse P: raises the anode potential of Vi sufficiently for the 
diode to fire and a current flows which discharges C; and 
charges C2. The next pulse (P:) is applied to C2 and causes 
V; to fire and transfer charge from C2 to Cs. Meanwhile 
capacitor C; can be recharged by closing S$; again to insert 
another marking in the store. 

Each pulse P; causes charge to be transferred from C2 
to C3, from C; to C; and so on; each pulse P: causes charge 
to be transferred from C; to C2, from C; to Ci, from C; to 
Cs, and so on. These pulses occur alternately and cause the 
pattern of stored charges to circulate round the ring. 

If the current which flows during a pulse causes charge 
to transfer from capacitor C, to Cy+:, the reduction in volt- 
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age across C, equals the increase in voltage across Cy+: 
because the capacitances are equal. Thus, if the p.d. across 
C, falls from V, to V,’, while that across C,4: rises from 
zero to Vo4i: 


Pies tH Mg ec ewewen thes (8) 


It is assumed that, during this process, the p.d. across the 
diode remains at its maintain voltage Vam until the valve 
extinguishes. If the voltage of the applied pulse is V», then 
at the time at which the valve extinguishes its anode voltage 
is V, + V,’ and its cathode voltage is Vn4+:. 


oe Pe Se pt Oe — agit oc es eke (9) 

Solving equations (8) and (9) gives: 
Vow = 4(Vn + Vp — Vem) ........ (10) 
Vin = 4+(Vi — Vp + Vam) ........ (11) 


It can easily be seen that if V, = Vp — Vam, then: 
Vat = Vi and re. = 0. 


Thus, if the pulse height is correctly chosen, all the p.d. 
across one capacitor is transferred to the next and the stored 
charge remains unaltered as it progresses along the chain. 


Fig. 31. Use of diode for clamping 


In practice, the valves extinguish before their current 
has fallen to zero and the valves have slightly different 
values Of Vam, not all the capacitances are equal and some 
charge is lost due to leakage resistance. It might be thought 
therefore that repeated operations of the circuit would 
cause the stored voltage to decay until it was finally in- 
sufficient to fire the diodes. In fact, the circuit has a 
compensating action. 

If, for example, one valve has a high value of Vam, the 
voltage transferred to the subsequent capacitor is low, but 
a positive voltage is left on the previous capacitor. This 
supplements the p.d. produced next time the stage is 
operated so that repeated circulations cause the p.d. trans- 
ferred to the subsequent capacitor to build up towards the 
correct value V, — Vam. If a capacitor leaks, its stored 
voltage falls below the correct value and a negative voltage 
is left on the capacitor after the stage has operated. As the 
Store rotates, the negative potential becomes distributed 
over all the unmarked stages and equilibrium is reached 
when leakage of negative charge from the unmarked capa- 
citors equals the leakage of positive charge from the 
marked capacitors. The stored pattern thus continues to 
rotate, but the mean d.c. potential of the valves drifts away 
trom earth. This is undesirable in practice and is prevented 
by the clamping rectifier MRi which restores the anode 
potential of V2 to earth on every revolution of the store. 
Clamping one stage is also effective in restricting variations 
in the mean potentials of all the other stages. This circuit 
operates reliably up to at least 1 000 steps/sec. 


Miscellaneous Diode Applications 

Cold-cathode diodes can be used for clamping the poten- 
tials of various points in circuits, for example as shown in 
Fig. 31. When the triode is ‘on’, its cathode potential is 
high and the diode is conducting. The circuit thus pro- 
vides a low output impedance. 

Another useful application for diodes occurs when pulses 
for operating cold-cathode valves have to be transmitted 
over lengths of multi-conductor cable. Unless the con- 
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ductors are screened, capacitance coupling between them 
causes considerable crosstalk because of the high imped. 
ance of the terminating circuits. Interference picked up on 
one lead due to pulses on other leads can be prevented 
from disturbing the circuits connected to it by: means of a 
series diode as shown in Fig. 32. Provided that disturbing 
voltages are less than the striking voltage Vs, the valve wil] 
not fire and no voltage appears at the output. The correct 
signal voltage (Vx) will exceed V, and so cause a voltage 
(V,; — Vm) to appear at the output. 

Diodes can also be used, when required, for reducing or 
increasing the amplitudes of pulses used in cold-cathode 
valve circuits. A series diode, as shown in Fig. 32, can be 
used for reducing the size of pulses. Thus, if the input 
pulse is 110V and Vm is 60V, the output pulse height ig 
50V. A series diode is often preferable to a resistance 
potentiometer because of its much lower output impedance, 
The amplitude of pulses can be increased by using the 
circuit of Fig. 26(b), but with a diode having a large 
difference between V; and Vm. If a fixed bias V», greater 
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subject to pick up nnigocan 


Fig. 32. Use of series limiting diode 





than Vm, but less than Vs; is applied to terminal B and a 
pulse is applied to terminal a, a pulse of larger amplitude 
can be obtained from the output terminal. Thus, if Vs; = 
180V. Vi. = 80V, V» = 150V and a 40V pulse is applied to 
the input terminal, then a pulse of height 110V will appear 
at the output terminal. Two methods are available for 
extinguishing the valve at the end of the pulse. The first 
method requires the time-constant C-R» to be small, so that 
the output voltage decays an appreciable amount during 
the pulse. This causes a negative overshoot at the end 
of the pulse, which reduces the anode voltage below Vy 
and extinguishes the valve. This method is only applicable 
when the pulse can sag sufficiently for its overshoot to 
make the p.d. across the valve less than Vm. When this 
cannot be done, as in the example given, another method 
is available. The second method is to shunt the load 
resistor with a capacitor as described in Part 1. The capa- 
citor is charged by the pulse so that, when it ends, the 
cathode of the diode is at a positive voltage, the p.d. across 
the diode is less than V and the valve is extinguished. If 
the input pulses can be superimposed on a suitable d.c. 
potential, then the circuit can be directly coupled and Rv 
and C, eliminated. 


Multi-Cathode Valve Circuits 

The circuits described so far have used simple diodes 
and triodes, but no survey of cold-cathode valve techniques 
would be complete without mentioning the use of multi- 
electrode cold-cathode counter valves”***4*5.6, These valves 
have a single central anode and a number of cathodes 
arranged in a ring with guide electrodes between each paif 
of cathodes. By applying suitable negative pulses to the 
guide electrodes, -the glow can be transferred from each 
cathode to the next, thus producing a counting action. 
A counter circuit using a multi-cathode valve can operate 
faster than one using separate triodes. However, in order 
to operate a multi-cathode valve at high speed a thermionic 
valve must be used to drive it. When a cold-cathode valve 
is used for the driving circuit, the driving valve used limits 
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Fig. 33. Experimental directors in Richmond telephone exchange 


both the speed of operation and the output voltage obtain- 
able. The output voltage obtainable from the cathodes of 
the counter valve in theory cannot exceed the driving 
voltage applied to its guides, and in practice cannot 
approach this figure, so it is often difficult to obtain 
sufficient output voltage to operate cold-cathode valves 
reliably. 

Multi-cathode valves have found their greatest applica- 
tion in straightforward scaling circuits”-*. However, they 
have been used successfully in circuits performing more 
complicated operations”. Because of the limitations 
described above, the multi-electrode valves appear to be 
more compatible with thermionic valve circuits than with 
cold-cathode circuits. For this reason, and because the 
fixed number of cathodes results in a certain inflexibility 
unsuited to sophisticated arrangement, most complicated 
cold-cathode valve digital circuits have been designed to 
use simple diodes and triodes. 


Equipment Using Cold-Cathode Valves 

Cold-cathode valves have been used in a number of 
simple circuit applications for about 20 years”, but only 
during the past 10 years have equipments been designed 
using large numbers of them in complicated digital circuits. 
An obvious application for cold-cathode valve circuits is 
to common-control apparatus in telephone exchange 
systems. This type of equipment has to perform a large 
number of operations in a short time; when electro- 
mechanical switches are used they wear rapidly and require 
frequent maintenance adjustment. An example of such 
equipment is the director which is used in the telephone 
exchanges of some large cities like London and Manchester. 
The director translates the digits dialled by a telephone 
subscriber to represent an exchange name (e.g. CEN, BRI, 
etc.) into another set of digits which determine the route 
over which the call is to be set up. The British Post Office 
designed some experimental electronic directors” which 
were installed in Richmond (London) exchange in 
December 1951 which have been in full public service since 
May 1952. 

The equipment installed at Richmond, which includes 
six electronic directors and their common translator, is 
shown in Fig. 33. The field trial has proved the reliability 
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of cold-cathode valve circuiis and has demonstrated the 
practicability of using this type of equipment to give a 
satisfactory 24-hour service with a lower fault-rate than 
on the best electro-mechanical equipment®. Many other 
applications of cold-cathode valves to telephony are being 
developed in various laboratories"***. 

In addition to applications in telephony, cold-cathode 
valves have been used successfully for computing pur- 
poses” and in industrial equipment”. Another important 
application has been to telemetering for the control of 
electric power supply systems, 

During recent years, improvements have been made in 
cold-cathode valves themselves, in the design of circuits 
using them and in suitable mechanical mounting methods 
for incorporating them in equipment. The last point is 
not unimportant, as can be seen by comparing Fig. 34 with 
Fig. 33. The directors shown in Fig. 33 are, of course, 
experimental models, but they use large (octal base) cold- 
cathode valves, about 300 of which are mounted on each 
rack. Fig. 34 shows a recently designed telephone operator's 
keysender which uses subminiature cold-cathode valves. 
Over 100 valves, in addition to two relays, are mounted on 
a telephone-type mounting plate of the size which normally 
accommodates 24 relays. 
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APPENDIX 

PULSE SUPPLIES 

The use of pulsed-anode supplies for extinguishing cold- 
cathode valves and for co-ordinating the operations of 
different stages in complicated digital circuits was discussed 
in Part 1. Where several pulse supplies are required it is 
usually convenient to derive them from a common master 


Fig. 34. Telephone operator's keysender using sub-miniature cold-cathode 
valves mounted on a 23-way relay plate 
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Fig. 35. Pulse supply circuit using a series stabilizing valve 


pulse generator, such as a relaxation oscillator driving a 
cyclic counter whose stages deliver pulses at the appro- 
priate times, which drives pulse supply circuits arranged to 
deliver the pulses at the required output voltage and power. 
Since the pulses constitute the anode supply voltage for 
cold-cathode valves, their voltages must be adequately con- 
trolled and it is usual for the pulse supply circuits to take 
the form of series-or shunt-stabilizer power supplies which 
are switched on and off by the master pulse generator. 

Fig. 35 shows a pulse supply circuit which uses a series 
stabilizing valve V;. This valve derives its reference poten- 
tial from the d.c. power supply via a potential divider 
whose ratio can be adjusted to give the required output 
voltage. When a positive input pulse causes valve V2 to 
conduct, the reference potential is reduced below the bot- 


Remote Control of Oil Pumps 


A remote control device, operated from a tanker moored 
at the end of submarine cargo loading lines 34 miles out 
at sea, which is capable of stopping the cargo loading 
pumps on shore, has recently been installed at a cost of 
£10000 at Lutong Refinery in Sarawak, British Borneo. 
This equipment, now in service, was developed jointly by 
the Shell Petroleum Company Limited and the General 
Electric Company Limited. 

The shallowness of the water prevents tankers from 
coming close to the shore, and the four loading moorings 
are situated 34 miles out. They are connected to the shore 
by underwater pipelines. As a tanker approaches the moor- 
ings, one of the seven available portable transmitter/ 
receiver units is taken aboard. In addition to providing a 
radiotelephone service with the shore terminal, this portable 
set can transmit on a pump control channel. 

Loudhailing facilities are incorporated and a remote con- 
trol unit enables the equipment to be operated up to a dis- 
tance of 300ft from the main instrument. The radio tele- 
phone channel transmits on 80Mc/s and the pump control 
on 80-2Mc/s. The radio telephone shore station transmits 
on. 86Mc/s and selective calling enables this channel to be 
operated on the party line principle. 

To stop the pumps in an emergency, the pressing of a 
control button on the operating panel of the portable set 
overrides the telephone channel and brings the pump con- 
trol channel into operation, On reaching the shore pump- 
house the. signal is fed to the particular engines pumping 
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toming potential of V2. The output voltage from the cathode 
of V; is thus less than the maintain potential of the cold. 
cathode valves it supplies and these are extinguished. But 
for the rectifier MR, the stray capacitance of the load 
would prevent the cathode of V;: falling immediately the 
reference potential was removed, with the result that the 
valve would be cut off and the output voltage decay only 
slowly. However, when valve V2 is turned on, its fall in 
anode potential causes MR: to conduct and this rapidly 
discharges the stray capacitance. 
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to the tanker on which the button was pressed. Electrically 
operated valves are then activated and stop the engines. 

The signal transmitted on the pup contre! channel con- 
sists of one of four tones, each mooring being allocated a 
specific tone, which is selected by a four-position switch 
on the portable unit. The receiving equipment, which is 
located near the shore pump house is therefore able to 
determine from which mooring the emergency signal has 
been received. A signal is then passed to the pumphouse 
control panel, where a system of selector switches and 
indicator lights feeds it to the particular engines pumping 
to the tanker on which the button was pressed. The control 
panel also increases the power of the signal to enable it to 
work the solenoid-operated valves, which, mounted one on 
each engine, are the actual means of stopping the pumps. 

The pumphouse receiving equipment comprises two com- 
plete receivers working simultaneously so that in the event 
of one developing a fault an emergency signal can be 
handled by the other, and at the same time a warning light 
indicates which receiver is defective. 

The control panel, built by Pool & Partners of Marple, 
Cheshire, to Shell specification, enables the various pumps 
and moorings to be correlated. It also provides a means 
of testing the equipment and a light-and-horn indication to 
the pumpman that an emergency stoppage has occurred. 

The solenoid-operated control valves were supplied by 
Electro-Hydraulics Limited of Warrington, and are the 
first valves of this type and size to be made intrinsically 
safe. 
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Efficiency-Diode Line Scanning Circuits 
A Simplified Design Method 


By K. G. Beauchamp*, A.M.Brit.LR.E. 


A rapid method of circuit and transformer design is given in which a series of ‘abacs’ is used to 
evaluate the design constants. 


The method also facilitates the prediction of new design figures, should any of the initial constants 
be altered, and the effects on performance obtained. 


HE theory of efficiency-diode scanning circuits has been 

previously described in some detail in several excellent 
papers, notably those of Friend’, Schade* and Jones*. The 
latter gives a very useful design procedure applicable to 
modern wide-angle scanning circuits and the following 
treatment is based largely: on this. 

The design of an efficiency-diode circuit is often com- 
menced on the basis of several known constants, viz: h.t. 
supply potential Vix (volts), cathode-ray tube accelerating 
potential E (volts), type and size of tube chosen etc., all 
of which form part of the overall design specification for 
the television receiver. 

It is the object of this article to show how, with the aid 
of a series of abacs, the design commencing from these 
initial design constants, may be facilitated and the effect of 
any changes in design constants on circuit performance 
quickly predicted. 


Scanning Coil Sensitivity 
A suitable commencing point for the design lies in con- 
sideration of the scanning coil chosen. For a given scan- 
ning angle, 6 (degrees) and e.h.t., E (volts), the peak-to-peak 
scanning current required J; (amps) is given approximately 

by the relationship: 
IyVLy .l 


sin 6 = kdvE 





where 


k = a constant 
d = mean diameter of scanning coils 
+ (similar units) 


| = length of coils, measured along 
an axis parallel tothe c.r.t. beam 
Ly = scanning coil inductance (henries). 

For a given ampere-turns in the coil the sensitivity is 
governed largely by the length of the scanning coil /. 
This in turn is dependent on the scanning angle 6, due to 
the necessity of avoiding neck-shadowing or cut-off of the 
c.r.t. beam. 

It can be shown from geometrical considerations that 
the maximum length of coil / pessible in order to avoid 
this is: 

ee), ee (2) 
where D = internal diameter of the c.r.t. neck at the Z-Z 
line, ie. at the point of junction between the 

c.r.t. neck and bulb. 

For 6 = 65°, and D = 36cm, (the conditions met with 
in most modern 14in and 17in tubes) /max = 51-S5mm. 


Some increase on this figure is possible if the ends of the 
coils are flared to fit further up the tube neck, and in the 








* A.E.1. Research Laboratories, Aldermaston, formerly with the G.E.C. Television 
Laboratory, Coventry. 
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design data that follows a figure of 53mm is assumed for 
Imax in order to take this effect into account. 

The assumption is also made that saddle-type scanning 
coils are used. Where castellated cores are used the current 
figures arrived at may be reduced by some 5 per cent to 
allow for the greater sensitivity obtained with this form 
of construction. 

The abac of Fig. 1 has been prepared from empirical 
data and shows the relationship between scanning coil 
inductance Ly (or total turns Ny), the peak-to-peak scan- 
ning current /,, and the e.h.t. E, for the conditions described 
above. 

This abac can be used for either series or parallel con- 
nexion of the two line coils, but in the latter case the 
current J; refers to the total current supplied to the two 
coils in parallel, the inductance figure also referring to the 
parallel connexion. 








Fig. 1. Relationship between scanning coil inductance, scanning current 
and e.h.t. applied to the c.r.t. 
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Transformer Design 

It has been shown that the performance of the line- 
scanning transformer is largely controlled by the coupling 
factor k obtained between scanning coil winding Li. and 
pentode winding Li, (Fig. 2). 

Jones’ has shown that for maximum energy transfer the 
relationship between Ly, and Li2 is dependent on k as given 
by: 

k? 
vil — &) 

However, in order to avoid leakage reactance resonances 
in the completed design, it is advisable to depart from the 
optimum value of Li. and this may be reduced by a factor 
a, thus: 


Lia/Ly = 


Li-2 (actual) 
site L-2 (optimum) 
Using modern core materials little improvement in effi- 
ciency is obtained by making x greater than about 0°8. 

Fig. 3 incorporates the relationships given in equations (3) 
and (4) and enables L;-2 to be evaluated for a given value of 
Ly, k and «. 

The peak voltage developed across winding L\-. during 
the scanning period is given as: 


Vy =Ly . (dly/dt) volts 
where ¢ = scanning period (sec). 


Due to the inclusion of coils for controlling picture 
width, a correction factor p will be required to the volt- 
amperes Vyly developed across the transformer secondary 
winding. 

A figure of 12 per cent may be taken as adequate to 
allow for valve deterioration in service‘. 

Also, as Li-2 has been reduced from its optimum value. 
an increase in energy: is required to maintain the required 
potential across the scanning coils. This can also be 
assessed as a correction to the VA required, giving: 





POE SG ie io~ fase cisie asad (6) 
for the actual volt-amperes supplied to the system, where: 
VA supplied to the system 
n= Tey im ——. ee seeeee (7) 
An expression for » has been previously given’ as: 
2+ (1 + 2) V(l — k&) 
Ss SE 


This is of the form » = a + cb, where a and + are func- 
tions of k and cg is a function of «. 


Fig. 2. 


Simplified circuit of an efficiency-diode scanning circuit, showing 
transformer connexions 
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transformer secondary inductance 


The expression is not directly amenable to abac form, 
but by separating the two constituents of 1, this factor 
may be determined by the addition of a and cb which may 
be found from the abac of Fig. 4 in terms of k and z. 


Making certain assumptions regarding boosted h.t. poten- 





tial V» and minimum potential for V; anode, Vajmin), then 
the peak current in winding Ly is given by: 
VA 
l= es is i snd dieing Skis 9 
: Vo ome Vu inthe ( ) 


With resonant-return systems V; and V2 conduct alter- 
nately and the division of this peak current between the 
two valves is determined by the Q-factor of the coupling 
transformer. In practice, the current taken by the pentode 
V; usually lies between 0:5 and 0:6 of /5. 


Assuming the waveform of V: anode current to be that 
of a truncated sawtooth, the r.m.s. value is given by the 
relationship : 


I r.m.s = iP peak) + \ (d/3T) Ses wssweee (10) 
where T = period of one cycle 
d = period of pentode conduction 
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For the case of d = 0-557, the r.m.s. current taken by Vi 
will be approximately 0-43 of the peak value. 

The transformer ratios can now be evaluated. These are 
N1-3/Ni-2, matching scanning coils to the boosting diode 
impedance and N,.4/N1-s, effecting a match between the two 
valves. 

The value of these will be dependent largely on the mode 
of operation desired, but for most purposes a mode will 
be required where the diode does not quite cut off at the 
end of the scanning period, while the pentode is operated 
below the ‘ knee’ of its /,/V. characteristic. 

Thus the root of the diode can be chosen to be imme- 
diately below the peak pentode current Jai»). The anode 
potential at this point can be ascertained from the valve 
characteristics and designated Va(min). 


Then : 
Vo a V a(min) 
Ni-4/Ni-3 at ee Ca (11) 
and the diode ratio: 
Vo — Vn 
Ni-3/Ni-2 = ; 77 _ eres (12) 


Realization of the second assumption mentioned above, 


Fig. 4. Derivation of VA correction factor » in terms of coupling factor 
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i.e. boost potential, is dependent on the mode of operation 
(controlled by Ni-4/N1-s) efficiency of the circuit (Q-value), 
and any current drain from the boosted h.t. supply to other 
parts of the receiver (e.g., frame scanning circuit). Previous 
design experience is desirable here in order to make an 
intelligent estimate of expected boost potential. 


An example will now be given, to illustrate the applica- 
tion of the method outlined above to a typical scanning 
circuit design. 

Let the following design constants be applicable: 

6 = 65°, Ly = 10mH, E = 13kV, 
Vy = 450V, Vin = 200V, Vaiminy = 60V. 


These are typical of those found in, say, a 17in a.c./d.c. 
domestic television receiver. 


(a) SCANNING CoIL DESIGN 

From Fig. 1, Ny = 400 turns, i.e. 200 turns per coil, 
using a ferrite yoke, series connexion and saddle-type 
construction. 

Also from Fig. 1, /y = 0-°85A peak-to-peak. 

A suitable size of wire at a current density of 3 000A/in? 
is 0-0148in diameter (28 s.w.g.) 


(d) TRANSFORMER DESIGN AND OPERATING CONDITIONS 


k can be obtained from a test transformer winding or 
previous known designs using the same core and method 
of construction. 

Let k = 0-998, then from Fig. 3, Li-2ioptimum) = 156mMH. 

At these values of coupling factor there is very little 
loss of efficiency using low values of z, so let « = 0-5, 
giving Li.2 = 78mH. 

From equation (5), V;=86V pk-pk for Ly=10mH and 
ly = 085A. 

With «= 0-5 and k = 0-998, 

» = 1005 + 0-17 = 1-175 (from Fig. 4). 

The VA required are: 

VA = 1-175 1:12 x 0-85 x 86= 106, from equation (6). 





Taking Vain) as 60V from the valve characteristics, 
then: 
1, = (106/390) = 272mA 
Thus: 
I, = 0-55 x 236 = 150mA 
the r.m.s. value being 150 x 0-43 = 64mA. 
Transformer ratios are obtained from equations (11) 
and (12). 
Nia/Ni-3 = 450 — 60° — 1°56 
450 — 200 
450 — 200 
Ni-3/Ni-2 —_—_—_— = 29 
86 
Finally, the transformer is wound with taps on either side 
of those calculated and the turns ratio adjusted to obtain 
optimum working conditions. 
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Resistance-Capacitance Tuned Amplifiers Using 
Negative Feedback 


By D. J. O’Connor*, B.Sc. 


The transfer function of an LC tuned amplifier is compared with that obtained for a feedback 
amplifier using particular types of RC feedback networks. A design procedure is developed which 
permits the design of circuits having predicted performance. 


A CONVENIENT starting point in the design of tuned 
amplifiers is the response of a single valve amplifier 
having a parallel LCR network as its anode load. Fig. 1 
shows the current generator equivalent of such an amplifier 
for which the gain function is 


ee! | I ,. (1) 
1 + p(L/R) + pLC 





-9mEq R Z 


5G 
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9 








Fig. 1. Current generator equivalent circuit of LC tuned amplifier 





Fig. 2. Block diagram of feedback amplifier 


We can identify three parameters for the function 
Peak frequency w. = [1/ V(LC)] 


Peak gain Go = gmR Qe (2) 
Qo =(RiwoL) | 
Equation (1) is of the form 
‘ pe 
G = eee ee eeeee 3 
1+ pa + p’b* (3) 


and one may write 
Peak frequency wo = (1/5) | 
Peak gain 6 OCI E) Pas oes ss (4) 
Qo. = (b/a) } 


In order to see how a function of the general form (3) 
may be generated, consider the circuit shown in Fig. 2. 
At this stage loading effects of the input and output net- 
works on each other and on the amplifier will be ignored. 
If the gain of the amplifier is large and there is a large 
degree of feedback then the voltage E, at the input grid is 
small compared with both Ej and E, and in fact tends to 
zero. Further, if the amplifier input impedance is high 
the current to the input grid tends to zero. It follows that 
I; = —I, and therefore 

(Eo/ Ei) = (Zolo/Zili) = —(Zo/Zi) ...... (5) 
where Z; and Z, are the transfer impedance functions of 
the input and output networks as shown in Fig. 2. The 
transfer impedance function of a network is defined as the 
ratio of the input voltage to the output short-circuit 








* The General Electric Company Limited, England. 
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current. Fig. 3 gives the transfer impedance functions of 
the networks which are considered in this article. In all 
cases the network of Fig. 3(a) is used as the input network, 
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‘ | IT, =R,C, 
' | | 
Fig. 3. Transfer impedance f ti of networks used 





Case 1. Fig. 3(b) Used as Output Network 








j= Geb) 7 + pls) ......5.5... (6) 
A 
7 
1+ pT; @ 
" - pAB 
G = -(Z./Zi) = ——_— —— 8 
(Z0/Zi) 1 + p(Ti+ Ts) + p?TMiTs ) 
For this network combination 
V(TMiTs) 
o= Tat, ce (9) 
which has a maximum value of 0:5 when 7; = 7s. 
Case 2. Fig. 3(c) Used as Output Network 
Zi = (1/pB) (1 + pTs) 
a. re (10) 


1 + pli + pTiT2 
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(6) 
_ (7) 


. (8) 


(9) 


(10) 





pAB(1 + pT) 





G = -——— ————————— ...... 11 
. (1 + p73) + pti + p’TM1T2) ed 
If 7: = Ts, then 
i pAB 
= — a$$ eee eee 
1 + pT, - pPliT2 (12) 
This is of the form of (2) so we may write 
‘ l 
Wo = 1/ 2 = Ss 8 eevesees 3 
(1/7i:T2) RRC: (13) 
RoC; 
Go = —— ree 
3 IRC, (R2/ Rs) (14) 
Go =-VGh/Thi) = 4 V@s/RD ........ (15) 


Suppose now the value of R» is fixed. Then R, will be 
fixed by the required Q, and R; will be fixed by the 
required G.. Ci can be selected to give the required value 
of w> and Cy; is selected so that the relation 7; = T; is 
satisfied. Thus components can be selected to give any 
desired values of wo, Go and Qo. 


Case 3. Fig. 3(d) Used as Output Network 


Zi = (1/pB) (1 + pTs) 
A(1 + pT:) 
ee 16 
1+ pli + pT? aaa 
It will be found that provided T: = T;, then 
l 

0) cn ee ee i7 
RYCiC vehi 
Go = (C3/Ce2) 6 te: Re ache eve ee (18) 
O53. = 4 VaGICeD: .. 22. dhaseeass (19) 


Again, components can be chosen to give any desired values 
of wo, Go and Qo. 


Case 4. Fig. 3(e) Used as Output Network 
Zi = (1/pB) (1 + pTs) 





2Rik, 
= —(] + pT 
_2Ri + Re pei , (20) 
zz ‘ 2RiT ; RIT: few wwe ys 
"mi +k * i+ 
Making 7; = 73, it will be found that 
2Ri a. R, 
Vo = 1/ T Te — oom 2 ae ee ee a 
( 1T2) R, (21) 
Gig he Na St bs 5 kee is (22) 


Ry 
a. tad saa (2Ri + Ri ) eles (23) 


Again components can be selected to give any desired value 
of these parameters. 

It appears that in three of the cases considered compo- 
nents can be selected to give any desired response. In 
practice some of the assumptions that have been made may 
not be valid. As a first departure from the previous assump- 
tions consider the case when the gain M of the amplifier 
is not large compared with the required overall gain. E, 
will be regarded as small in comparison with E., but com- 
parable with E;. Then from Fig. 2 (since Zi is a two- 
terminal network), 


ee | eee (24) 
Eo = ME; = Zollo = —Zol; coececees (25) 
*. Ei = —(Eo/M) + Zi = —(Eo/M) — (E./Z.) = 


—E.[(1/M) + (Zi/Zo)) ... . (26) 
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M 
oe G’ = E,/ oF = Meer se oa |) are 

"=< ( + aaa) en 

For the networks considered, Z;/Z., has the form 

1 + pa + p*b? 
pe 

GC’ j pcM pe 
so M + plc +aM)+ p*Mb® ~~ 1+ p[(c/M)+a]+ pb" 
ence See a (28) 


which is of the same general form as equation (3). The 
peak frequency is unchanged, but now 








M GoM 
G.’ = . ee 29 
. 1+(alQOM Go+M (29) 
QO.’ b (b/a)M _ QM 
‘ (c/M)+a  (c/ja)+M $Go+M 
Ge CSO ee ae (30) 


In equations (29) and (30), G. and Q, indicate the functions 
of resistance and capacitance which have been derived 
earlier for the various network configurations. They are 
retained as convenient design parameters. 

The analysis becomes a littlke more complex when it is 
desired to take into account the loading effect of the net- 
works on each other. It will now be assumed only that the 
amplifier has high input impedance, low output impedance 
and M> 1. ‘High’ and ‘low’ are, of course, relative 
terms and must be considered in conjunction with the net- 
work impedances. It is shown in Appendix | that under 
these conditions the gain function of the amplifier is 

-M 
1 + (Zi/Zs) + (Zi/Z.)M 
where Z; is the impedance of each shunt arm of a =z-net- 
work, equivalent to the output network. It is also shown in 
the Appendix that for output networks of the forms of 
Fig. 3(c), (d) and (e), the term Zj/Z; is independent of 
frequency. One can therefore rewrite equation (27) as 


G’ _ 


M’ 
ee 32 
- 1 + (Zi/Z.)M’ ( 
" M 
where M | =e (Z./Z.) 


It has been seen already that this form of gain function 
is of the same general form as equation (3) and it may be 
noted that the peak frequency is unchanged. 

Using the values of Z;/Z; derived in the Appendix it may 
easily be verified that using either of the bridged-T networks 
the peak gain is given by 

: Se cits 33 
Go = 6.7202 4 M (G9) 
and Q is given by 
= (34) 


a; 20.2 + M 


Considering equation (34) it is seen that Q.’ falls steadily 
as G, is increased, but has a maximum value as Q, is varied. 


This maximum occurs when 2Q.° = Go + M and is 


M 
lo’ (max), = eae ee eee (35 
Q 2V(Go + M) ) 
The corresponding value of peak gain is 
GoM 
° af oo we —— < Pe P Pee eee ee Se ee 3 
Ge’ = 4G, + M) (36) 
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Eliminating G. between equations (35) and (36), 


Qo’ (maz) = 4 wm Bela Se (37) 


Thus, using the bridged-T output networks for a given 
value of M, if G.’ is fixed then there is a maximum value 
of Q’ that can be attained. 

When the twin-T output network is used it is found, 
using the value of Z\/Z; derived in the Appendix, that the 
peak gain is given by 


Gui = ae 
an + 
%, + ee 
G V(n) Qo + 
and Q is given by 
QO.’ 5 on ti ad (39) 
Co: + eee a + 


"  V(n) 
It is seen that Q.’ decreases as Gp is increased, but as Q) 


; F MVn ; ; 
increases QO,’ > —.. This has a maximum value for 
2(n + 1) 
n =1, so that for this network 
Qo’ max) => (M /4) a ee ke (40) 


Design Procedure 

In designing an amplifier, peak frequency, peak gain and 
Q will be specified and the value of M for the amplifier 
to be used will be known. Since none of the circuits con- 
sidered can give Q’ > (M/4) it can be seen immediately if 
the amplifier is capable of meeting the requirements on this 
parameter. From equation (37), it can be ascertained if the 
specified value of Q.’ can be achieved with a bridged-T 
network. If a bridged-T network is to be used, then elimi- 
nating G. between equations (33) and (34), 





M — G.’ 
20.2 — ca ; Je. + =6@ . 2008 (41) 
ae , / ee “ _ 2 
mito M — G.’ + V[((M Go — 8MQ") (42) 
40." 
Also from equations (33) and (34), 
ET a Sa (43) 


The network components can now be specified to give these 
values of G. and Qo. 

If the twin-T network is to be used, then putting n = 1 
and solving for G, and Q, between equation (38) and (39), 

fae MG". 
“e-em 

MQ.’ 

M — G.’ — 4Q. 
and again the network components can be specified to give 
these values of G, and Q,. 

It is not possible to solve explicity for the value of each 
component until one component has been specified arbi- 
trarily. The designer will endeavour to specify this com- 


ponent so that the conditions assumed in the analysis are 
satisfied. 


Example 

It is decided to design an amplifier having a Q of 8-25, 
a peak gain of 40 and a peak frequency of 100c/s. The 
amplifier to be used has a gain of 630 and an output resist- 
ance of about 1k{2. The low output resistance makes it 
comparatively easy to ensure that the output network does 


G. 


Q. = Q.’ (Go/ G.’) = 





=» (45) 
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not load the amplifier. From equation (40) it can be seen 
that the specified Q can be obtaintd with a twin-T circuit 
and from equation (37) it is seen that a bridged-T network 
can be used. The latter should be used, since it is econo. 
mical in components. 
From equation (42), 
= 590 — V(590° _ 8 x 630 x 68) 
ee 
= 15-6 
Go = 40 x (15-6/8-25) = 76. 
Taking the circuit of Fig. 3(c) as the output network to be 
used, then, from equation (15), 
(R2/ Ri) = 1 000. 








OuTPUT 
NETWORK | 




















Fig. 4. Current generator equivalent circuit of feedback amplifier 


At this stage one of the components can be specified, say 
R,. Putting Ri = 1kQ, then R2 = 1M. 


From equation (14), Rs = (10°/76) = 13-2kO 
a — 
2z . 100 V(10°) 


The only component left to specify is the capacitor of 
the input network which is specified by the relationship 


Ti = Ts 


From equation (13), C: = = 0-05uF 


i.e., R3C3 = 2RiC) 
21 x S x 107° 
= = -0076uF. 
- 1-32. 10° — 


In a practical amplifier based on these calculations the 
actual component values used were: 


Ri = 9800, Re = 980kQ, Ci = 0-052uF, Rs = 13k, 
C3 = 0077 uF. 
These components should give a peak frequency 99c/s, 
Q.’ = 8:25, G.’ = 39-5. Measured values were f. = 98c/s, 
Qo’ = 8:15, Go’ = 38-2. 





APPENDIX 


If a multi-stage amplifier is considered, in which the 
number of stages is such that there is a phase reversal be- 
tween input grid and output terminals, an equivalent circuit 
can be drawn in the form of Fig. 4(a). The gain of the 
amplifier up to the grid of the output valve is A; the terms 
gm and r, refer to the output valve. The three terminal 
output network can be transformed to an equivalent z- 
network and the equivalent circuit can be redrawn as in 
Fig. 4(b), where Z, is the transfer impedance of the output 
network. Since all the output networks considered are 
symmetrical, the two shunt arms of the equivalent 7z- 
networks are equal. R, is the parallel combination of load 
resistance Ry and anode resistance r.2 of the output valve. 


Putting Yi = (1/Zi), Y¢ = (1/ Rg), ete., 
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E, (Yit+ Y; + Y.+ Y.) : 7 EoYo=EiY; cover rsrece (46) 





—E;Y. +E(¥s+Yot Ya) = — AgmE, 
ee ees eee (47a) 
ie. Eg(Agm Y.) +EA(¥s+YotYa)=0 .. (47b) 
Then 
Yit V¥o+YVs+ Yo, EiYi 
a Agn — Yo ~ » 
i+ie+ hotles — i | 
Agm i & Y¥s+Yot+Ya 
A ; E\Y(Yo — Agm) 
(Yi+ Yet Yo+YoYs + Yo+ Ya) + YAAGm— Yo) 
ST oad pie Ce (48) 
ie _Y(Ye = Agu) pane 
Ei (Vit Ys+ Vs+ YoMYs + Yo+ Ya) + Yo(ABm— Yo) 
dered Semis (49) 


This equation gives the complete gain function of the 
amplifier. Assume 


Agm > |Yo 

Y.>(Y. + Ys 

Y,->0 

M = AgoaR,> 1 
The validity of these assumptions can usually be ensured 
by suitable choice of components. 





G = = YiAgn ; = — YM 
(Yit+ ¥s+Yo) Ya+Yogm  Yit+Ys+Yot YoM 
—M 





~ 1+(¥s/¥i)+(¥%o/ ¥) (M +1) 

- —M 

vag +(Zi/Zs)+(Zi/Zo) M 
If the network of Fig. 3(c) is used as output network, 


then using the star-delta transformation it follows imme- 
diately that 


.. (50) 





es ply 
pci 





Thus when 7; = 73, 
Zi/Zs = (Ci/C:2) = (Rs/2Ri) = 4 (Rs/ Re) . (Re/ Ri) = 
(40.?/2G.) = (2Q.?/ Go) 


This term is independent of frequency. 

Similarly, when the circuit of Fig. 3(d) is used as output 
network, 

Zi/Zs = (Ci/2Cs) = (2Q0?/ Go) 

which is again independent of frequency. 

When the circuit of Fig. 3(e) is used as output network, 

ie pC, pC, _. PCr + 400i 
. 1+ pT 2(1 + pT) 1 + pT; 

Thus when 7; = 73, 





Cr+ 30; 


Wik, =z 





Putting 
(Ri /2Re) =~nrA= (2C2/Ci) 
Then 
(Ci/2)(n + 1) 
a em 
which is independent of frequency. 
For this circuit it has been shown that 


Go = (Rs/ Rs) 


i Ry 
ie _ es ee 
Oo a] Ea (2Ri + Ro | 
. R(2Ri+ Rs) _ nRi2Ri+ Ry)_nGoR 


Zi/Z:s = = (R3/Ri)(n + 1) 


af 2R ‘> GoRs) 














* 402 = be = = : = neewtininte batt 
2 2RiR2 Ry R¢ 
=2nG, (R3/R:) + nG.' (Rs/ Ri? 
‘ 4Q.” 
i.e. (R3/ Ri) + (Rs/ Ri) . (2/ Go) - ms - 2 '@ 
Io 
V(( + 4Q.°)/n — 1 
* Rs/Ry = vet yin = 1 
2./Z. = n+1 mi 1+ 4Q0*] _ \ 
Go n 
If O.>1 
2Q.(n + 1) 
Zi “9 = a ——- 
[Z Vn. Go 
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Research into Tropospheric Scatter 


In common with other countries, intensive research into the 
possibilities @f tropospheric scatter is being carried out in 
the United Kingdom. Earlier in the year it was stated that the 
radar stations of N.A.T.O. from the Arctic to the Mediter- 
ranean would be co-ordinated by the use of such techniques. 

Marconi’s have now brought into operation a tropospheric 
scatter link between Great Bromley, Essex and Sutton Bank 
near Thirsk, Yorkshire, a distance of about 200 miles. 

Field strengths afte recorded continuously over this link; 
various types of modulation are available so that studies can 
be made of multipath effects, the effect of aircraft and other 
relevant problems. Preliminary tests have already been made 
over a 400 mile circuit to Aberdeen, and it is hoped later to 
establish a link over this distance. 

Plans are currently in hand to set up 10kW_ transmitters 
and associated receivers at Newcastle and in the London area, 
with the object of being able to operate up to 36 simultaneous 
telephone channels or a television link between these points. 
The equipment is being designed and constructed for tests and 
demonstrations only. 

The present transmitter at Great Bromley, is housed in a 
Services-type trailer. Operating on a frequency of 858Mc/s, the 
transmitter has an output of 500W and is capable of being 
frequency-modulated by a multi-channel signal or amplitude- 
modulated by a television waveform, or by pulses. The actual 
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radiator consists of a 30ft diameter dish, the lower edge of 
which is mounted about 30ft above ground level; this is 
energized by a feed horn mounted on the transmitter trailer. 

The radio beam can be steered in the horizontal plane by 
positioning the transmitter trailer on an arc of railway track 
which is laid in front of the radiating dish. Adjustment of the 
beam in the vertical plane is also possible since the feed horn 
is mounted on a small boom, which can be raised or lowered 
as necessary. 

The receiver is contained in a mobile laboratory. In order 
to obtain the maximum mobility, the receiving aerial, which 
is mounted on a trailer, is only 10ft in diameter. 

The link has now been in continuous operation for seven 
months and results from this and the original research are 
such as to indicate a sound commercial future for communica- 
tion systems making use of the tropospheric scatter principle. 

For the future, the ultimate limits of transmission will depend 
largely on the transmitter power available. With a power of 
100kW it might be. possible to achieve telegraph transmission 
up to distances of 700 miles. The ultimate operational limits 
are not yet established, but it would seem that there is a 
possibility of an eventual transatlantic television service by the 
tropospheric scatter system. This, however, would entail a 
series of ‘hops’, as the maximum range for reliable television 
transmission by any one link is only about 250 miles. A much 
nearer possibility is a direct European television link, for 
example froia Holland to Britain. 
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A High Speed Oscillograph Cathode-Ray Tube for the 
Direct Recording of High Current Transients 


By R. Feinberg*, Dr.Ing., M.Sc. 


A high speed sealed-off high voltage cathode-ray tube is described which has straight acceleration, 

magnetic focusing, a voltage time-base deflector, and a current signal deflector consisting of a single- 

turn coil. As an example of the performance of the tube an oscillogram is shown of a current 

pulse having a peak value of about 1650A, a duration of the order of 1S5usec and in the steepest part 
a rate of change of about 250A / psec. 


N oscillogram of a transient current of high peak 
intensity is commonly obtained with a voltage signal 
deflector oscillograph cathode-ray tube in combination with 
a suitable shunt and, if necessary, an amplifier of sufficient 





Fig. 1. Prototype of the high current transient oscillograph cathode-ray tube 
with an experimental low sensitivity signal deflector coil 


bandwidth. This method of current oscillography thus 
utilizes a voltage proportional to the current to be 
measured. The precautions to be taken when applying the 





* Ferranti, Limited 
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method in cases of a transient duration of the order of 
microseconds have been pointed out, for example, by P. R. 
Howard". 

There is another method of oscillographing a high current 
transient which does not appear to be generally used. The 
method employs a current transient oscillograph cathode- 
ray tube for direct signal deflexion. A high speed tube of 
this type is described in this article, and an example of its 
application is given. 


Design of the Current Transient Oscillograph Tube 

Fig. | shows a prototype of the tube, Ferranti 06/10PM, 
together with an experimental deflector coil. The coil is 
shown mounted around the neck of the tube. 

The glass envelope of the tube is of conventional design, 
having a cone with a flat face of nominally 150mm 
diameter. The luminescent screen which is aluminium 
backed, is made of silver activated zinc sulphide phosphor 


NECK OF 
CATHODE-RAY 
TUBE 





w—d— 


Fig. 2. Principle of design of the current deflector coil indicating the flow 
of current 


which, at the present state of phosphor development, is 
considered to be the most suitable for the photographic 
recording of high speed traces. The electron gun is of the 
triode type with straight acceleration and magnetic final focus- 
ing, and is designed to operate at a maximum accelerator 
voltage of about 25kV. 

The tube has two deflector systems of different designs. 
The X-deflector is of the electrostatic type for voltage 
deflexion, and the Y-system is of the magnetic type for 
current deflexion. 

The X-deflector consists of a pair of plates of conven- 
tional design, with a deflexion sensitivity of about 500/ 
Vamm/V, where V, denotes the accelerator voltage. The 
capacitance of the deflector plates combined with that of 
the lead is about 1-5pF. The deflector loop from the 
terminals has an inductance of about 0-9u.H. Thus the 
natural resonant frequency of the deflector system is about 
400Mc/s. 

The Y-deflector is constructed as a single-turn coil con- 
sisting of two symmetrical sections screwed together to 
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form a compact unit placed closely around the neck of the 
tube, see Fig. 1. The principle of coil design is illustrated 
in Fig. 2, which also indicates the flow of current in the 
various parts of the coil. By adjusting the spacing d, see 
Fig. 2, between the two ring parts of the coil, the sensi- 
tivity of electron beam deflexion is set, a narrow spacing, 
as in Fig. 1, giving a low value of deflector sensitivity, but 
a wider spacing resulting in an increased sensitivity. The 
inductance of the coil varies in proportion with the magni- 
tude of d. Its value for the coil shown in Fig. 1 where 
d= 1mm and whose ring parts are made of brass 3mm 
x 45mm, was measured at 180Mc/s as about 0-02uH. 
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Fig. 4. Deflector sensitivity characteristic measured at 50c/s operation 

















DEFLECTOR SENSITIVITY S 


Performance of the Oscillograph Tube 

Fig. 3 gives the spot deflexion D obtained for various 
values of accelerator voltage V, and measured as a func- 
tion of the peak-to-peak value /p-» of a 50c/s current pass- 
ing through an experimental deflector coil similar to the 
one shown in Fig. 1. The deflector current was limited to 
a maximum of 250A r.m.s. because of the output limit of 
the current transformer employed to supply it; that means 
the maximum of J,-» was 705A. The curves indicate 
linearity of D and that D, for a given value of deflector 
current, is inversely proportional to VVa, in accordance 
with theory. 

In Fig. 4 is shown the deflector sensitivity S$ measured 
with a 50c/s deflector current at V. = 6-8kV using a set 
of coils as in Fig. 1, but with different values of spacing d 
(see Fig. 2). Within the range of measurement, i.e. d = 
5mm to 20mm, the value of S varies in linear relationship 
with d. 


The deflexion Dmm, caused by a current iA, is: 
= Se 
with S, in the range of measurements of Figs. 3 and 4 with 


the deflector coils used, being represented by the empirical 
expression : 


S=a(d.+d/VVa 
where S is expressed in millimetres per ampere, a and d, are 
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dimensionless constants with numerical values dependent on 
the design of the deflector coil and its distance from the screen 
of the tube, d is in millimetres and V, is in kilovolts. For 
the coils used for Fig. 4, a = 0-034 and d, = 4. 

The oscillogram, Fig. 5, was obtained with the tube and 
deflector coil shown in Fig. |. It depicts the current pulse 
discharging a 10uF capacitor at 1-8kV through a Ferranti 
type AD30 cold-cathode gas-filled arc conduction valve. 
The pulse duration, measured at one-fifth of peak current, 
is about 17usec and the peak current is 1650A. In order 
to obtain the trace within the useful screen area of the 
oscillograph tube it was necessary to reduce the effective 
defiector sensitivity of the coil; this was achieved by shunt- 
ing the coil with a simple small wire loop. 

In the steepest part of the current pulse, the rate of 
change of current through the deflector coil and shunt 





Fig. 5. Oscillogram of a current pulse with a peak of 1650A, the time 
calibration dots being spaced at Iysec intervals 





Fig. * Record of the distorted trace of a current pulse with a peak of 
A, the time calibration dots being spaced at 1ysec intervals 


combination is about 250A/sec. Assuming the coil-shunt 
combination to have only inductance, the value being about 
0-01uH, the theoretical value of voltage drop across it at 
the steepest part of the current pulse should thus be about 
3V. A low value of voltage drop across the coil-shunt 
combination was confirmed in an oscillogram. 

The effect of insufficient screening is demonstrated in the 
oscillogram Fig. 6, which shows the current pulse through 
the AD30 valve from the 10uF capacitor at 2-5kV. 
The pulse duration is about the same as in Fig. 5, but 
the peak current is about 3300A (the shunt to the deflector 
coil consisted of a 6cm length of wire connected to the 
deflector coil leads). By more elaborate screening of the 
oscillograph tube, the distortion of the trace could have 
been eliminated and a curve similar to Fig. 5 obtained. 
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25 YEARS OF PROGRESS IN MICROWAVE LINKS 


A survey in retrospect of the development of microwave or super-high-frequency techniques in 
telecommunications. 


HE world’s first introduction to what was then known 

as ‘Micro-Ray’ communication took place just over a 
quarter of a century ago, on 3 March 1931, when Standard 
Telephones and Cables Limited and their associates, Le 
Matériel Téléphonique of Paris demonstrated telephone 
and teleprinter links between Dover and Calais. 

The two stations at Dover and Calais were in all essen- 
tials identical. That at Dover comprised a transmitter and 
a receiver and terminal equipment of normal design for 
connecting them together, so as to give facilities for two- 
way communication. 

The outgoing signals were applied to what was desig- 
nated a ‘micro-radion’ tube, in which the high frequency 
oscillations were generated. A short transmission line con- 
nected the ‘micro-radion’ tube to the radiating system or 
doublet, which was about 2cm in length. The amplitude 
of this h.f. current along the doublet at any instant was 
substantially the same. The doublet, situated at the focus 
of a paraboloidal reflector some 3m in diameter, served 
to concentrate the radiated waves into a 3° beam directed 
towards the distant receiver. 

In order further to increase the efficiency of the system 
by the prevention of radiation other than in the required 
direction, a hemispherical reflector was located at the 
opposite side of the doublet to the paraboloidal reflector, 
with the doublet at its centre. 

The radius of the hemispherical reflector was so chosen 
that when the reflected radiations reached the focus again 
they were in phase with those being radiated at that instant. 
The appropriate radius depended upon the wavelength, 
the relation being that it should be substantially a multiple 
of half wave lengths. The radius was large enough to 
ensure that the reflector had satisfactory electro-optical 
properties, but not so large as to intercept unduly the 
radiations reflected forward from the paraboloidal reflector. 

It was estimated that the gain due to the paraboloidal 
reflectors on one channel was of the order of 46dB, to 
which the hemispherical reflector added another 6dB. 

For the purpose of measuring the high frequency out- 
put at the transmitter, an aperture was provided in the 
centre of the paraboloida]l reflector through which part 
of the radiation passed. By making the diameter of the 
aperture slightly smaller than that of the hemispherical 
reflector, no loss of radiated power resulted. The radiations 
passing through the aperture fell upon the measuring 
instrument employed, which took the form of a wavemeter 
calibrated for, and normally set to, the transmitted fre- 
quency. It comprised a small receiving antenna in which 
the induced e.m.f. was used to act upon a thermocouple 
junction. The readings of the associated galvanometer 
were an indication of the radiated power, while the distance 
between antenna and metal screen, being adjustable, also 
enabled wavelength measurements to be made. In the 
demonstration the wavelength used was 17-6cm (1705Mc/s), 
while the radiated power was of the order of 0-5W. 

The receiver was a counterpart of the transmitter, 
except that no high frequency measuring device was pro- 
vided. That is to say, it comprised a doublet connected by 
a transmission line to the ‘micro-radion’ tube, where detec- 
tion took place. Paraboloidal and spherical mirrors exactly 
similar to those of the transmitter were also provided for 
concentrating the received waves upon this doublet. 
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To avoid coupling, the receiver was situated about 80 
yards from the transmitter at each terminal and arranged 
to be in its electro-optical shadow, adequate allowance 
being made for diffraction. The same wavelength was used 
both for sending and receiving. 

Though a certain number of experimenters had already 
succeeded in generating and utilizing oscillations of such 
wavelengths, nothing beyond what was described as labora- 
tory investigations had up to then resulted. The enormous 
advance in technique shown by the 1931 demonstration, 
both as to distance covered and results obtained, indicated 
that the range of wavelengths between 10 and 100cm 
(3000 to 300Mc/s) was ready for commercial use. The 
two-way radio telephone circuit was noteworthy for the 
quality of the speech received. Not only was it well up 
to the standard of a high-quality metallic circuit, but it 
showed little signs of being affected by fading. 

Compared with radiations of the more usual wave- 
lengths, the ‘micro-rays’ presented many striking features. 
Their extremely short wavelength permitted the use of 
electro-optical devices, such as reflectors or refractors, in 
addition to diminutive antennz systems. It was shown 
that a further similarity between these radiations and light 
was that it was necessary to have virtual optical visibility 
between transmitter and receiver, or at least that conductive 
obstacles of too great length should not be interposed. 

The success of the 1931 demonstration was widely hailed 
at the time, the equipment used being so advanced in 
principle and performance that it still resembles closely 
some of the latest types used in the same field of applica- 
tion today. An interesting forecast of future development 
was made in a note issued by S.T.C. in 1931, of which 
the following is an extract: 


“The frequency band available will allow of a very 
large number of permanent and continuous channels 
between the same places without mutual interference, 
while the directional properties and comparatively short 
range of the waves will make possible the use of the 
same frequencies over other routes. A further very 
important use will be for television, the development of 
which is hampered at the present time by the very large 
frequency band required for satisfactory definition of 
the object transmitted. It should now be possible to 
allocate as wide a band as is necessary for television 
without causing any ether congestion. It is easy to 
imagine the establishment of national ‘micro-ray’ net- 
works for use in conjunction with television apparatus.” 


The development of the early experimental system to 
meet the needs of commercial communications was rapid, 
and early in 1934 the world’s first commercial ‘micro-ray’ 
radio service between the civil airports at Lympne in Kent 
and St. Inglevert in France was opened for service by 
Sir Philip Sassoon, the then Under-Secretary of State for 
Air. This telephone and telegraph link was operated jointly 
by the British and French Air Ministries to speed up 
transmission of essential traffic messages between the two 
countries, and it remained in regular operation until after 
the outbreak of war. 

The Lympne station occupied a commanding position 
overlooking the Channel, within optical range of the 
corresponding station at St. Inglevert, 35 miles away. The 
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Terminal tower and antenna at Lympne in the s.h.f. link with 
St. Inglevert, France. 





wavelengths used were slightly staggered, a wavelength 
of 17cm (1 760Mc/s) being employed for transmission and 
one of 17-5cm (1 715Mc/s) for reception. Duplex working 
took place simultaneously by teleprinter and telephone. 
The teleprinter had been used on land line commercial 
telegraph services for some years, but had hitherto been 
used on w.t. for experimental purposes only, owing to 
the difficulty of obtaining a satisfactory radio signal. The 
‘micro-ray’ system overcame this handicap and, in service, 
messages were transmitted at a speed of 60 to 70 words/ 
min. 

Research, development and operational experience over 
a period of nearly two decades resulted in prototype models 
of the portable s.h.f. radio link equipment which began 
extensive field trials with the BBC in 1948. This led to the 
use of equipment of this type for an outside television 
broadcast in 1950, and also in that year, the first Franco- 
British television relay, with an s.h.f. link spanning the 
Channel. Since this time portable s.h.f. links have been 
extensively used by the BBC and other television authori- 
ties for outside broadcast work, the most notable appli- 
cations being the television relay of the Coronation in 
1953 to France, Belgium, the Netherlands and Germany, 
and within the Eurovision network. 

A typical portable s.h.f. link, currently produced by 
S.T.C. comprises a light-weight equipment forming a com- 
plete transmitter and receiver operating in selected bands 
in the frequency range 4400 to 4750Mc/s. It can rapidly 
be set up on a temporary or permanent basis for con- 
necting an outside broadcast television camera with the 
permanent television network. 

The transmitter has a velocity-modulated coaxial-line 
valve delivering a power of 250mW into a four-foot 
diameter paraboloid antenna. A similar valve is used as 
the beating oscillator in the receiver. By using a directly- 
modulated coaxial-line oscillator to feed the antenna 
direct all of the apparatus which is operating at s.h.f. 
has been made compact, being mounted as an integral part 
of the antenna assembly. This eliminates the need for 
extensive waveguide runs to the horn feed and permits 
the use of flexible cables between the antennz and the 
control units of the transmitter and receiver. The antenna 
may therefore be easily mounted on a roof-top, on a 
mobile tower, or in any such elevated position as may be 
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made necessary by the terrain traversed. Control units may 
also be set up under cover at ground level or beside the 
carrier-telephone equipment in the terminal or repeater 
station. 

The receiver output of one link can be connected to 
the transmitter input of another link to form a repeater, 
enabling a limited number of links, each of which normally 
spans about 30 to 40 miles, to be connected in tandem. 
It also permits a deviation of route, around obstacles which 
would otherwise obstruct the line-of-sight path of a single 
link. 

The performance which can be achieved on any 
particular project depends upon the length of route, the 
spacing between repeaters and the type of country over 
which the system operates. When a link is to form part of 
a telephone network, the objectives of which are C.C.LF. 
requirements for international land line circuits, up to 
60 telephone channels may be operated over a distance of 
some 300 miles. More channels could be obtained under 
emergency conditions with shorter routes and closer 
repeater spacing. 

The system is frequency modulated with a deviation of 
4Mc/s, but an increase in frequency deviation up to 8Mc/s 
accompanied by some loss of linearity is available for use 
under difficult transmission conditions. The intermediate 
frequency of the equipment is 30Mc/s and the i.f. ampli- 
fiers have a bandwidth of 20Mc/s. 

Portable s.h.f. equipment of this type, based on early 
‘micro-ray’ experience and field service with the BBC and 
other broadcasting administrations, has also been influ- 
enced by concurrent design, manufacture and installation 
of large-scale projects such as the Manchester to Kirk 
o’Shotts permanent television transmission links produced 
and installed for the General Post Office. 

The longest link in the G.P.O.’s permanent television 
transmission network, the Manchester to Kirk o’Shotts 
s.h.f. f.m. radio system, was opened for public service in 
1952 when the BBC inaugurated regular low-power trans- 
mission from Kirk o’Shotts. This television service has 
since been extended to Aberdeen, similar equipment pro- 
viding the link for the section Dundee-Aberdeen. 

The total length of the Manchester-Kirk o’Shotts route 
is 250 miles with seven repeater stations spaced at an 
average distance of some 30 miles. Equipment at terminal 
and repeater stations affords one uni-directional channel 


Mobile television unit at Ticknock Hill, near Dublin. 
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from Manchester to Kirk o’Shotts simultaneously with a 
second similar channel in the reverse direction. Each 
channel is designed to handle the 3Mc/s bandwidth of a 
405-line definition, 50 frames/sec, double-interlaced tele- 
vision programme in one direction of transmission. Full 
remote control and supervisory facilities are provided so 
that each terminal station is able to control the operation 
of the equipment at all points along the route to the other 
terminal. 

To ensure a high degree of reliability, all transmission 
equipment with the exception of antenne and main wave- 
guide feeds is provided in duplicate, the change-over from 
one set of equipment to the other being fully automatic 
in the event of breakdown. In the same way, automatic 
standby sources of power supply cater for any breakdown 
in local mains supplies. 

The intermediate two-way repeater stations are designed 
to work unattended and, in the case of that at Pontop 
Pike, the equipment provides for a feed to a local tele- 
vision transmitter without interference to through-routed 
signals in either direction. 

Much experience in the development of these systems 
has been gained during the, past two or three years from 
operating under test conditions over difficult propagation 
paths a multi-channel system in South Africa with 120 
telephone channels. This experience had led to the 
development of an s.h.f. radio system which provides seven 
both-way radio channels, each of which is designed to 
be capable of handling up to 600 telephone channels or 


video signals for 405 to 525 or 625-line television providing 
either monochrome or colour pictures. 

Since those early days of 1931, the experience of a 
quarter of a century in the development and application 
of s.h.f. techniques has shown that, with reliable service 
as the criterion, a properly-engineered s.h.f. radio system 
can take its place with any other telecommunication 
system. In fact, it will generally be found that the choice 
between a ‘wire’ or s.h.f. system rests not with perfor- 
mance, which in practice is comparable, but is influenced 
largely by political and geographical factors. 

Parallel with the successful development of the s.hf. 
system there has grown a tremendous demand for radio 
channels for multi-circuit telephony and _ television. 
Modern s.h.f. radio systems have played an outstanding 
part in meeting the demand and also contributed to the 
relief of the congested radio spectrum. 

S.H.F. systems are under development which are 
designed to meet performance requirements to _inter- 
national standards for 600 telephone channels or appro- 
priate television channels. 

Improvement of the layout and performance of port- 
able s.h.f. radio systems for outside broadcast links and 
short-term usage, is constantly under review and the 
design of equipment for the 7000Mc/s range is an 
important part of the development programme. 

Thus that first venture in s.h.f. radio transmission 25 
years ago has more than fulfilled its promise, and holds 
at least equal hope for the future. 





Temperature Stability of Transistor Amplifiers 


By G. Stuart-Monteith*, B.Sc., A.M.I.I.A. 


An analysis is made of the most general form of transistor d.c. amplifier circuit, and a ‘ figure-of- 
merit’ is proposed, in terms of which the current and voltage stability factors and the voltage gain 
can be expressed. The argument is extended to the stability of a multi-stage d.c. coupled amplifier. 


NE of the principal difficulties encountered in the 

design of transistor amplifiers, is due to the variation 
of the transistor characteristics with ambient temperature. 
Shea!” has shown how the circuit design may compensate 
for these variations and he introduced a stability factor 
S, defined as @/./@Ico which can be stated in terms of the 
transistor current gain «a, and the circuit parameters. 
Hurley*® has extended the argument and, since 7,.. may not 
vary with temperature in the same manner for all tran- 
sistors, he introduced a level factor, the product of which 
and the stability factor gives a more correct forecast of 
the amplifier temperature stability. 

Slightly different methods of approach have been used 
by other workers**, but in each case the expressions derived 
are considered too complex for a rapid evaluation to be 
made of the stability of the circuit, and no relationship has 
been given between the voltage gain and the stability of the 
stage. 


The Stability Factors 

In Fig. 1 is shown the most general form of transistor 
d.c. circuit. It includes both d.c. feedback between the 
collector and the base and the input voltage, which may 
be d.c. and/or a.c. When the biasing conditions are con- 
sidered, then, denoting d.c. currents and voltage by capital 





* Royal Naval Scientific Service. 
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letters, it is shown in Appendix | that: 


1 
The collector current stability factor S$. = (@/-/@Ico) = i 


“ 
é 
a 

—4 


The emitter current stability factor S. = (@/e/@lco) = i 


wry 


The collector voltage stability factor Sy = (@Vc/@lco) 


1 Rt 
_ : e+R 
1—a€° Re+ R&R +a 


The output voltage stability factor So = (@Vo/ @lco) 
1 R:R P 
“(1 — €(Re/ Rs) 





_——_ —_—— (1 
1 — at Rr+ Riv 


where the factor €, defined as the ‘ figure of merit’, is given 
by: 


Rr Rov te 
erie Rey ee < E << 
The resistance Rp» is the total resistance in the base and 
comprises the parallel network formed by Rs, Rr, and 
(R: + Rx). In most practical cases (R: + Rx) will be much 
greater than R; and R, and in consequence can be 
neglected. 

For perfect stability the stability factors should be zero, 
but this ideal figure cannot be approached, except for the 
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emitter current stability factor, and hence it follows that 
the grounded-collector configuration can achieve a very 
high stability; unfortunately, the lack of gain of this con- 
figuration must rule it out for most applications. 

The smaller the value of the figure of merit ¢, the better 
will the stability become, that is R. must be of the order 
of Rvp, and the feedback resistance R; must not be so 
large that the load Rx is negligible in comparison; it will 
be seen, however, that even a value of R; ten times the 
load Ri. can improve the stability. 


Voltage Gain 

A direct consequence of the insertion of the stabilizing 
network is the loss of gain, and in Appendix 2, the voltage 
gain Gy for the grounded emitter configuration at a con- 
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Fig. 1. General form of transistor d.c. circuit 














stant value of /.o, that is at constant temperature, is shown 
to be: 


Gy (temp/const) = (@Vo/0V31)1,,, =const 


—,_ [1 — (1/2) (Re/ Rd) 
af 

If d.c. feedback is not present, that is R; is infinity, then 
the above formula becomes: 


af 


= —(R1/Rs) . T 


af 
Gy = —(R1/Rs) e I — af 
It can be shown that the maximum gain obtainable from a 
grounded-emitter stage is given approximately by: 


Gy(max) —(it {RQ ——— 
1l—« 


Therefore it may be said that the effect of the stabilizing 
circuit is to reduce the current gain « by the factor §; it is 
for this reason that £ has been termed the ‘ figure of merit ’. 

In the case of an a.c. circuit, the above formule may be 
modified by the presence of by-pass and/or blocking capa- 
citors. For example R. may be by-passed, when « will only 
be modified by the factor: 

Rt 
R: + Rt 
the value of €, however, remaining unchanged in the 
stability factor expressions. 

It is not proposed to discuss the effect of the current and 
voltage feedback resistances Re and R; in this article, but 
if voltage feedback is required to extend the frequency 
range, the above expressions indicate that a d.c. path is 
preferred, since in addition to providing feedback it also 
improves the stability of the stage. 


The Level Factors and Stability Products 
The level factors have been defined as follows’: 
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Emitter current level factor = Le = (Ico/Je) x 100 
Collector current level factor = L. = (Leo/Ic) x 100 
Collector voltage level factor = M. = ([co/V.) x 100 
Output voltage level factor = Mo = (co/Vo) x 100 


The products of these factors with their respective stability 
factors give the stability products P in terms of percentages, 
which, as they take into account the operating conditions 
of a particular transistor, will give a quantitative evaluation 
of the temperature stability of the transistor amplifier. 

For example, the operating conditions of a transistor 
having been determined, and knowing the variation of [co 
with temperature, then the value of the stability product, 
for a given collector voltage can be found, so as to ensure 
that the transistor will not bias itself off over the desired 
temperature range. 


Multi-Stage Amplifier 

In multi-stage d.c. coupled amplifiers,a problem that faces 
the designer is the cumulative effect of the drift in each 
stage. From the above formule this may be readily deter- 
mined, since: 


dV. = (0V./aV1) 6Vi1 + (@Vo/ Alco) bLco 
then for two stages: 


P) ”” > , > , 
av.” =~ Vo <= j Vo 1” 





V Stat | id 
——— 2, + —— Se’ } + - é 
rt” 6 "lh CS ales” 


where the superscripts denote stages 1 and 2. For identical 
stages this resolves to: 


aver =(2*) gyy 5 S214 Se) oe’ 
avy OT 0 avy’ 


Assuming the input voltage remains constant, we obtain the 
output voltage stability factor of a two-stage amplifier : 


we" | aS av.’ 
ee. echt Bip =$, (1 + Gy) 





OLeo OD co’ avy’ 


that is the drift to be expected in the final stage will be 
approximately equal to the product of the output voltage 
stability factor and the voltage gain of one stage. For an 
amplifier comprising n similar stages, 


(0V./aVi1)" — 1 | 


(@Vo" | Alco) = So (ox = So (@V./eViy™ 


(aV./aV1) — 1 
since (@V./éeV1) > 1. 
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APPENDIX 1 


STABILITY OF TRANSISTOR AMPLIFIERS 

In Fig. 1 is shown the general form of transistor circuit 
with d.c. feedback. The stability may then be predicted if 
the following assumptions are made: 


(a) The current gain « is constant. 
(b) The input diode voltage drop V», is constant. 
Te — Teo 


z 


(c) Ic = Ico + ale i.e., Ie = 


(d) bb = Ie — Ie 
i.e., Ip = Ie (1 —2)—Ico = (1/1 — 2) —Teo) .. (2) 
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Denoting d.c. currents and voltages by capital letters, the 
loop equations are: 


O=hR: + Io +1) Rt —-U—-ihk+r)Rr ...... (3) 
By = PR, + Bi + @ — Be + BR y on cnc ccc ccc ce (4) 
Ei + Ex: = 1.Re + Von + (Uf — It + Ip)Rr .........- (5) 
BE, + BE, = LR. + Vo + Ge + ER: wn... cc ccc ees (6) 


From equation (3), 
TR: + Ri a R;) - IR- + TR - IbRr = 0 





lespabaeveniictel (7) 
From equation (4), 
(Rs + R;) : [Rr + TpRr — (Ei oe Vi)= EY cee (8) 
° Ey + Ry —_ IyRr 
0, f = —————,......... 9 
i.e., I 73 (9) 


Substituting in equation (7), 








I(R:+ Ri+ Rr) = R {Ei +1;Rr—IpRr] PRr+1eR1 => 0 
. R;Rr R.Rr 
1e., J , _— — Ih .———_. + I. Ri — 
‘LR me zal +k 


Denoting the parallel combination of R, and Rr, i.e., 
R.R-/(Rs+Rr), by Ry we have: 


l= ((Rv/R s) Ey’ + Rol>— Rule] /[R:+Ri+R] .- . & 
Substituting equation (4) in equation (5), 
Ey’ +d;:Ry ~hR, 


E,+ E2=1.Re+V» 
1 ef vse Rot R. 


i.e., 
E, + E, — V» — (Rv/ Rs) Ey = [eRe — rR» + IbRv . . (14) 


- ie Rr .. (13) 


b 


R: +Ri+Rpv 
Rr+Ru 


= |.Re+IbRv—- 





Differentiating equation (1) we obtain the emitter current 
stability: factor, defined as 

















a= =a : 1J=ara fee bs 2-1] (22) 
alco al 
i.e. S. = _ Ny (23) 
1 — af 
Substituting equation (12) in equation (6), we obtain 
(Rv/ Rs) Ey’ + Rolo — Rule 
Bit BimlRe+ Vor Le + Ri+Ri+Rs \r . (24) 
, RiRv ‘ 
i.e., Ei + E2,— RAR: + Ri+Rv) E\'—V.~ 
Ru RvR. 
= LR+ tf 1 - aa - WRe+Ri+ Re -- 
See aoe AOR Ss aL Cee (10) 
(Ey /Rs)'=0...... (11) 


Substituting for J» from equation 12) and Ey’ from equation 


(8), 








RiR»p RiRp 
” ! Q ae iad Oe eT eed 
oRi (R: + Rv) Ru — RvoR1 
1| Re + et! | Ri+Ri+Rs 
pa (26) 
ee  : (15) 


R:+ Ru 


Ro 
-. A+. — Fo — EG ——___- on ie —- I.Ru| ————— |... . (16 
Pe +Rp ]easiro - cates Sere oe (16) 


Denoting the parallel combination of R» and (R;:+ R1)i.e., 
Rv (R:+ Rt) 





—— by Rov» and replacing Ey’ by (E:— V1) (equation se Ve ra Ole ... | ts 
‘ ss s Ol co Ol co * Ri+Ri+Re 
(8)), equation (16) may be written 
ee ee ne RE er ee rT Nee ee? Ale R:R1 
RR et... (27) 
E,{1 — (Rov/ R.)] + E2—Vo+Vi(Roo/Rs) = leRe+ToRvvt le ——— eee eee eee (17) ; Alco (Re+ Ru+Re 
R:+R i 
suvetituting for I, and i, fromequations (i):and'@); +$-—=— = .q§g- -_  __. hiscassssaconssnesssussanscsesseiassustesssions 
RiRw 
E,{1 —(Rov/ Rs)] + E2—Vo+Vi(Rov/Rs)=(1/2){ Io | Re + (1—a)Roo+e er —Too(Re+Rovv)}........66- (18) 
f L 





; R:Rop 
= (1/a){ 7, ( Re + Rov—2 ~TIeo(Re+Rvv)}. . (19) 








Substituting equations (21) and (23) for @/./@Ico and 




















R:+ Ri ale/ Alco respectively, 
The collector current stability factor is defined as eee ee Re + RvRi i 
a , Reo+Rovv Alco 1 — af R:+Ri+Rp 
Ss. = (al. / OI co) = eo .4 (20) 
Re+ Rov—a[RrRov/(R1+ Rx)! R:R1i (28) 
making assumptions (a) and (b), Re+Ru+Rvojp 
1 - 1 ¢ Rik R:RuR 
i.e., So = (21) - a. 4 Be oes . (29) 
I = a[R:/(R:r + Rx)] [Rov/(Re+ Rw] 1 =_ Zz 1 eo ag [eR + cm (Ri+ Ri)Rv 
€ [R(Rr+Rr)+RiRov R:RiRw Rr+Ru Rot+Re 
- (AV-/ Alco) = ‘ , + . ee | rr terres ee rey (30) 
1—off Rr+Ri (Ri+Riy)Ro Rt Rw 
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(22) 


_ (23) 


(24) 


(25) 


26) 


7) 








a c ES ee (31) 











1—a€LRr+Ru Ri+ Ri 
e é f R.Rr RiRw+R)] (32) 
i- af LRi+ Ru Rov 
Hence 
R R R. 
_ (@V0/dlu) = —£ — —®* Ir, + py Rote Rit Re 
I — of Ri+ Ru | Rov Rt 
ins iia eee (33) 
1 R: 
at ehh (€Re + Ri) ........ (34) 
By definition the collector voltage stability factor is 
= a i R: 
Sv = (0V0/ dle) = — =F ee Ry, ER + Rud--.- BD 


The d.c. output Pe i.e. the voltage between the collector 
and earth is given by 
Vo = T.Re + V~ —_ E, ‘eee ee (36) 


* (QVo/ Alco) =(@le/ Alec) . Re+(0Vc/ Alco)= SeRe+Sv .. (37) 


Substituting for S. and Sy from equations (23) and (35) we 
obtain the output voltage stability factor, 














Also from equation (1), Appendix 1, 
(Ale/OV1)100 = (1/a) Ale/AVi)too........-. (44) 
Substituting equations in Appendix 1, (2), (8), (12) and (36) 
in equation (6), we obtain 
BE {1- a... ae -(Rs/R9} ~ ¥ aon 
R:+Ri+Rd R:+Ri+Rp 
{1(Ri+Ru+Rr)+ (le—1)Rv—IeRu—(Rv/ Rs) Vr}... . (45) 


Then differentiating, 














Vo R ale ale 
= ee a if ae 
avi R:+R1i+Rp ov’: ov 
eel dtneeclect (46) 
Substituting equations (43) and (44) above, 
avn R 
‘te «GRD a——— 
Ovi R:+Rxi+Rp 





(R:+Rri)(aR: + Rv) 


R.+ Rovo)(R:1 + Rx) — ac} “~~ (Rs/ Ro} os (47) 


Rov 2 (2R:+ Rp) 
Rs+Ri+Rv \(Re+ Rov(1 — 2) 


- (Rs/ Ru) } . (48) 





= (R1/Rs) 












































€ 1 R: 
Se = (2V.0/al.) = —>—.. Re — ——= — (ERe+ Rr) 
1 — a€ I —a€ Ri+R é “where 
Saab rend St i (38) aie: ie 
ER. Rt 1 R:Ri (39) =~ (Rr+ Ri)(Re+ Rov) 
at. oe eee -s Hence 
1 —a€ Rr+Ri 1 —o€ Rr+Ru Vv. aides { {RB ¢. 2 Ri+Ru 
_— as / 8 S i“ =n b 
i.e., So = . Z are ie (ERe/ Rd] Recetas (40) avi 4 Ri+ Rt +Rp 1 — a R: 
Stig, MRS 9 ls ee, 9 SRI a a ee a ce re (49) 
1 (aR + Rv(Ri+ Rx) — RvR — - a€) 
~ (Ry /R.) . sci vevesaceanasee (50) 
R:+Ri+Rv Ri — 2) 
1 a€(Ri+ Rut Ro)Rrt+ RlERr + ERv— - Ri) (51) 
— (Rxi/ Rs) —— ——_— es Ul HO eee eee eee! 
1 £ RR: + Ri+ Rv) 
af (1/a€) (Rv/ Re (E(Ri+ Rx) — Ri) (52) 
=(§i./ 85) :.<<——-; 1 + coeeceeeeeeseereeeseeseeeeee 
1 € R:+R1i+Rv 
R:+Rxr)(Re+ Rov) ) 
€ (R:+ Rx) 4 is a = 
= (R1/Rs) at oe z{! + (1/a) . (Rv/R») .- Rit Risks f 
Rate SP ne et Se (53) 
, R. r Row 
as = (Ri/Rs) - ara tea 2). (Rov/ Rs). (1 ")) 
VOLTAGE GAIN OF A TRANSISTOR AMPLIFIER Rov 
Considering the general form of transistor circuit shown ttn (54) 
in Fig. 1, we have (Appendix 1, equation (19)) a 
2 = (Rx/R:;) - PEC CR ) 20°) ) re (55) 
Ei [1 — (Re»/Rs))+ E: — Vo+V1 (Rov/ Rs) — at 
R:Rov That is, at constant temperature, 
= (1/2) {1 (Re+ Ri —— a Io(Re+ Rod} (41) - , 
Rr+ Ri iv = (@Ve/ Ato = —(Ru/ Re) . = UW —(1/2) (Re/ Ro) 
then as Jo only varies with temperature and not with input . 
volts, and again assuming V» is constant, tee (56) 
R:Row NCES 
Rial Ms = 4a ( Ri. + Rin — 0) ales rages a 
R:+ Ru 1. — =e a ae of Operating Points. Proc. 
See eee (42) 2. SHEA, R. F. et al. "Principles of Transistor Circuits. (Chapman & Hall, 1953.) 
R R 8 i B. Predictable Design of Transistor Amplifiers. Tele-Tech. 14, 74 
i.e., (A1-/0V1)1c0 = a(Rwv/ Rs) rz oe ~ 4. tg H. J. Temperature Stabilized Transistor Amplifiers. Electronics Buyers 
(Re + Rov Ri+ Rx) — zRiRow Guide. Ref. Sheet R-54 (June 1955.) 
(43) ee, Bee Saas GOR on "tow Conmumonon 
Saban cle bie ool mplifier. ie "35, ’ 
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Waveguide Surface Finish and Attenuation 
(Part 2) 


By J. Allison*, B.Sc., Ph.D., and F. A. Benson*, M.Eng., Ph.D., A.M.I.E.E., M.I.R.E. 


Polished Waveguide Surfaces 


The surface finish of drawn waveguides of copper, brass, 
silver or aluminium can be improved by careful electro- 
lytic or chemical polishing under closely-controlled con- 
ditions. 

The underlying principle of electropolishing is selective 
dissolution under the influence of current, making the sur- 
face progressively smoother and more brilliant. The actual 
mechanism is still obscure, but several theories have been 
put forward’, 
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Fig. 15. Voltage-current characteristic of brass in orthophosphoric acid 
electrolyte 


Fig. 16. Electropolished precision-drawn copper waveguide surface from 
lin x fin guide 
Section perpendicular to waveguide axis 
Magnification: 940 
Copper waveguide in lower part of photograph 


Chemical polishing is successful, provided the correct 
solution composition and operating conditions are found. 
Theories of levelling produced by this method have been 
discussed by Pinner. 

The authors have electropolished specimens of precision- 
drawn copper and brass waveguide in orthophosphoric- 
acid baths (two parts acid and one part water). The 
optimum voltage in such a bath is very critical, higher and 
lower voltages cause pitting and etching respectively. The 
optimum voltage can be deduced from the voltage-current 
characteristic of the electrolyte. The best polish is obtained 
at a voltage just below that which causes gassing at the 
anode, as indicated by a sharp increase in current density 
for a small change in voltage (Fig. 15). 

Electropolishing removes all microscopic roughness, 
there being no evidence of a microprofile even when the 
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magnification is 4000. No ‘draw’ lines are present al- 
though there are small pits on electropolished-copper sur- 
faces (Fig. 16) probably due to copper-oxide inclusions, 
Large undulations remain on electropolished brass sur 
faces (Fig. 17), but there are no small pits. 


17. Electropol'shed precision-drawn brass waveguide surface from 
lin x jin guide 
Section from long side parallel to waveguide axis 
Magnification: 940 
Brass in lower part of photograph 


Fig. 


Fig. 18. Chemically polished copper waveguide surface from lin x jin guide 
Section from long side parallel to waveguide axis 
Magnification: 940 
Copper in lower part of photograph 


Figs. 19a) and (b). Chemically polished brass waveguide surface from 
lin x jin guide 
Sections perpendicular to waveguide axis 
Magnification: 940 
Brass in lower part of photographs 


Drawn-aluminium waveguides have also been electro- 
polished and anodized successfully by the authors” and 
have been compared with cast, sprayed, chemically- 
polished and drawn aluminium components. 

Precision-drawn copper and brass waveguides have 
been chemically polished in phosphoric-acid solutions. The 
surfaces of such copper tubes are very smooth with no 
acute ‘draw’ lines (Fig. 18). Fig. 19(a) shows that for 
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brass too there has been a microscopic polishing action, but 
brass surfaces show gentle undulations with a few sharp 
changes in level and there are some shallow hollows on 
both long and short sides particularly near ihe corners 
(Fig. 19(b)). Although these can be smoothed out by 
chemical polishing a good deal of metal would have to be 
removed. 

Both electropolishing and chemical polishing seem to 
be more effective on copper guides because of their greater 
original roughness although they can be usefully employed 
on brass guides. 


Electroformed Waveguides 
The electroforming”* process consists of electroplating 
a suitable mandrel with a heavy deposit. After machining 





20. Electroformed copper waveguide surface from lin x jin guide. 
Expendable fusible alloy mandrel. Copper sulphate bath 

Section perpendicular to waveguide axis 

Magnification: 940 

Copper in lower part of photograph 





Fig. 21. Electroformed copper waveguide surface from lin x lin guide. 
Expendable fusible alloy mandrel. Copper cyanide bath 

Section from long side parallel to waveguide axis 

Magnification: 940 

Copper in lower part of photograph 


the outside of the deposit to give the required wall thick- 
ness, the mandrel is withdrawn. Thus, all precision 
machining is done on the outside of a mandrel, whereas 
to produce the same finish and accuracy on the inside of 
the component by normal machining techniques would be 
nearly impossible. An interesting paper on the electro- 
forming of components and instruments for millimetre 
wavelengths has been published by Harvey™. 

The technique is useful for manufacturing pieces of 
irregular shape. Pins and plates intended to project inside 
the waveguide can be incorporated in the mandrel. It is 
also possible to plate layers of different metals on the man- 
drel, e.g. copper on the inside of a guide for good con- 
ductivity and a chromium deposit on the outside for 
durability. 

For all the electroformed guides except one examined 
by the authors the copper was deposited by means of the 
periodic-reverse-current plating process*** which permits 
the use of high current densities. Due to the levelling 
action of this type of plating**, heavy deposits are not sub- 
ject to nodules. The remaining electroformed guide in- 
spected during the present investigations was produced in 
an acid-copper bath. 

Mandrels are of either the permanent or expendable 
type. The permanent type can be withdrawn without 
damage to either itself or the electroformed component. It 
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is, therefore, used for electroforming samples with a 
uniform cross-section or having a unidirectional taper. 
Multiple permanent mandrels can also be used for com- 
plex sections. Permanent mandrels are usually made of 
stainless steel which is inert in most plating solutions and 
can be machined to fine tolerances. Separation of the 
mandrel from the finished piece is possible because the 
natural oxide film responsible for the metal’s passivity 
prevents adhesion. For long uniform sections stainless- 
steel mandrels are made undersize and then plated with 
tin to the required dimensions. After electroforming the 
tin is melted out, facilitating easy withdrawal of the man- 
drel. Any remaining tin is removed by etching in hydro- 
chloric acid for several hours. Invar, covar or glass made 








Figs. 22(a) and (b). Electroformed copper waveguide surfaces from lin = jin 
guide. Composite stainless steel mandrel. Copper cyanide bath 


Sections perpendicular to waveguide axis 
Magnification: 940 
Copper in lower part of photographs 


conducting by coating with silver by chemical reduction 
or evaporation, may be utilized for long untapered 
mandrels where differential expansion facilitates simple 
withdrawal. 

Expendable mandrels are used when the mandrel must 
change form to permit its withdrawal from the work and 
can be subdivided into fusible and soluble types. Fusible 
mandrels are generally made of low melting-point alloys 
or waxes the latter being sprayed with a conducting coat- 
ing of metal. This type does not give a very good 
internal finish and it is difficult to hold precise tolerances. 
Soluble mandrels can be made of aluminium, soluble in 
caustic soda, zinc, soluble in hydrochloric acid, or ordin- 
ary rolled steel which dissolves slowly in hydrochloric acid. 
These are useful where better finishes and tolerances are 
required than those which are obtainable with fusible 
mandrels, but where permanent mandrels cannot be with- 
drawn. They are also used in preference to fusible man- 
drels when heat might cause distortion of the electroformed 
shell. 

The surface finish of electroformed guides depends on the 
type of mandrel employed* and the method of separation of 
the guide and mandrel. A transverse section of a bend elec- 
troformed on an expendable mandrel of tin-lead-bismuth 
alloy in an acid-copper bath was found to have a very poor 
internal surface which is quite undular and microscopically 
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Transverse sections from the first sample show that the 
surface is extremely flat and smooth over the majority of 
long and short sides (Fig. 22(a)). There are large cavities 
at the corners, however, due to the plugs (Fig. 22(b)). On 
the second sample there are numerous scratch marks due 
to the withdrawal process (Fig. 23). There is a complete 
absence of scratches on the third sample due to the with- 
drawal technique and the resulting finish is better than 


Fig. 23. Electroformed copper waveguide surface from lin x jin guide. that of any other type of waveguide (Fig. 24). 
Permanent stainless steel mandrel. Copper sulphate bath 
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rough in places (Fig. 20). The roughness of a section 


parallel to the guide axis is of the same order as that of a REFERENCES 


: 24. Kems.ey, D. S., TEGART, W. J. MCG. The Electrolytic Polishing of Metals in 
transverse section. Another component electroformed on Research and Industry. Australian Council for Scientific and Industrial 


a similar mandrel in a cyanide bath had a much worse - pinenceang ay ge toon 2 ame ss — ae sad 
H Hf 4 H 25. JACQUET. P. ° inciples and Scientific pplications of the Electronolishing 
internal topography, the microscopic roughness being much of Metals Proc. Third International Conference on Electrodeposition (Sept 
more general (Fig. 21). The difference in internal rough- 1947). 


26. Exmore, W. C. Electrolytic Polishing. J. appl. Phys 10, 724 and 11, 797 
ness is attributed to differences in mandrel finish and a 


methods of separating the mandrel and component. 27. PINNER, R. Theory of Electrolytic Polishing. Flectroplating 6, 444 (1953). 
The effect of various types of stainless-steel mandrel on 28. 5 Posed (1953) Theory and Practice of Chemical Polishing. Pt. |. Electroplating 
the internal roughness was then determined. A sample 29. Hasset, F., Towns, Electroforming Microwave Components. Electronics 
. . . 19, 134 (March | ). 
was electroformed in a cyanide bath and had a composite 30. SAFRANEK, W. H., DAHLF. F. B., Faust, C. L. Electroforming—A Literature 
rectangular mandrel fabricated from stainless steel plates Review and a New Application. Plating 35, 39 (1948). 


j PLisi “2 “ 31. SAFRANEK, W. H. Electroforming Aluminium. Electrodenosition Research. 
with fusible-alloy plugs at the corners to hold them to National Bureau of Standards Circular No. 529, p. 42 (1953). 


gether. The mandrel was removed by melting the alloy 32. Harvey, A. F. The Electroforming of Components and Instruments for 


om ¢ Millimetre Wavelengths. Proc. Instn. Elect. Engrs. 102, Pt. B, 223 (1955). 
at the corners. A second sample was electroformed in an 33. MetzGcer, W. H., Lams, V. A. The Design of Electroformed Parts. Machine 
acid bath on a permanent stainless-steel mandrel, the man- Design 25, 124 (September, 1953). 


drel being withdrawn by applying a separating force from 34. BREGMAN, A. Periodic Reverse Current Electro-plating. Metal Progress 58, 


- ei 199 (August, 1950). 
a screw mechanism. A third sample was produced on a 45, Jernstept, G. W. P.R. Plating. Plating 35, 708 (1948). 
similar type of mandrel which had a better finish. With- 36. Jernsrept, G. W. Levelling with P.R. Current Plating. Proceedings of the 


» . 37th Annual Convention of the American Electroplaters’ Society. (Boston, 
drawal of the mandrel was assisted by heating. Massachusetts, 1950). 








An Artificial Heart and Lung” Machine and the electronic units for measuring continuously the 
pressures within the hydraulic circuit. Should the pressures 
A British machine which makes possible direct access to the exceed a chosen limit the machine is switched off by means of 
interior of the heart during cardiac surgery is now in produc- a pressure-sensitive diaphragm moving a magnetic core 
tion. The machine takes over the function of the patient’s between the coils of an inductance bridge. 
heart and lungs after the heart has been stopped by a chemi- The bridge is fed from an audio frequency oscillator, any 
cal injection. out-of-balance voltage being amplified sufficiently to operate 
The idea was conceived by Dr. D. G. Melrose at the Post- a phase-sensitive demodulator which in turn drives a milliam- 
Graduate Medical School of London. The second prototype meter calibrated in pressure and a trip relay, 
model of the machine was built with the backing of the An _ additional control circuit ensures that the volume of 
Nuffield Foundation and proved to be effective for clinical blood in the machine is constant within narrow limits under 
use. New Electronic Products Ltd designed and manufactured varying conditions. A brass disk at the lower end of the 
the production model, assisted by Tricorn Designs Ltd. oxygenator is separated from the pool of blood by a 
The whole machine is housed in one trolley measuring ‘Perspex’ disk Imm thick, forming a capacitor, changes in mean 
approximately 3ft x 3ft x 2ft. The main units are the oxy- level changing the capacitance. 


genator, which takes over the function of the lungs, the This in turn frequency modulates an oscillator and any 
pumps which maintain the artificial circulation and an elec- deviation from the pre-set frequency acts as a proportional 
tronic control unit. controller to the two servo motors driving the back-stops of 


The pumps are driven by two 1/4 h.p. motors which in the the pumps. Direction of rotation of the servo motor is such 
event of the power failure can be replaced instantaneously by that if the level of blood within the oxygenator decreases, 
a manually-operated crank handle. Blood passing through the delivery of the venous pump and arterial pump are increased 
venous pump is passed to the oxygenator, a rotating and decreased respectively. 


cylinder set at slight angle to the horizontal having many The servo loop is stabilized by positive and integral feedback 
internal projections, over which the blood flows, providing a networks to ensure utmost control with ‘maximum response, 
total re-oxygenating area of 1-3m’. In practice, the particular circuit adopted controls the total 


The control unit contains the switches for the electric motors volume of blood of approximately two litres within 50ml. 
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Short News Items 


A Conference of the Physical Society 

on Crystal Dynamics will be held at 
Geeen Mary College, University of 
London, on Monday and Tuesday, 7-8 
January 1957, in the Department of 
Physics. The meeting is open to non- 
members and enquiries should be 
addressed to the Physical Society, 1 
Lowther Gardens, Prince Consort Road, 
London, S.W.7, marked for the attention 
of Miss Miles. 


The College of Science and Tech- 
nology announce the following courses. 
A course of nine lectures on High 
Quality Sound Reproduction commenc- 
ing on 7 January; a course of seven 
lectures on Acceptance Testing of Elec- 
trical Equipment for Power Supply 
Systems commencing on 21 January, and 
a two-day course of lectures on Patents 
for Engineers from 8-9 March. Full 
details and enrolment forms may be 
obtained from the Registrar, College of 
Science and Technology, Manchester 1. 


The Twelfth Annual Electronics Ex- 
hibition and Convention of the Northern 
Division of the Institution of Electronics 
will be held at the College of Science 
and Technology, Manchester, from 11-13 
July and 15-17 July 1957. This exhibi- 
tion will incorporate a Scientific and 
Industrial Research Section, a Manufac- 
turers’ Section and a programme of lec- 
tures and film shows on electronic topics. 
Further particulars may be obtained 
from the Honorary Exhibition Organizer, 
Mr. W. Birtwistle, 78 Shaw Road, Roch- 
dale, Lancs. 


The Fourteenth Annual Exhibition 
organized by the Radio and Electronic 
Component Manufacturers’ Federation 
will be held at Grosvenor House and 
Park Lane House, Park Lane, London, 
W.1, from Monday, 8 April, to Thurs- 
day, 11 April, 1957. Formerly known as 
the Radio Component Show, the title 
has now been changed to Radio and 
Electronic Component Show to be more 
descriptive of its scope, covering as it 
does components for the radio, tele- 
vision, telecommunications and elec- 
tronic industries in their widest aspects. 
For overseas visitors and other special 
guests a preview will be held from 10 
a.m. to 2 p.m. on the first day, 8 April. 
Admission will be by ticket obtainable 
from the Secretary, R.E.C.M.F., 21 Tot- 
hill Street, Westminster, London, S.W.1. 


Fielden Electronics Ltd have recently 
released details of the Tekto J.3 Level 
Controller and the Telstor L.F.3 Con- 
tinuous Level Indicator. Five years ago 
this company introduced original instru- 
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ments based on the principle of electri- 
cal capacitance. These years of experi- 
ence, development and application have 
resulted in the Tekto J.3 and the Telstor 
LF: 


Isotope Developments Ltd are acting 
as consultants to Landis & Gyr AG. 
for the instrumentation of the new high 
power Swiss 20MW materials testing 
heavy water moderated reactor which is 
being designed and built by Reaktor 
A.G. They are responsible for the 
recommendation and supply of the full 
nucleonic instrumentation, which  in- 
cludes the equipment for the channels 
for controlling and safeguarding the 
reactor and its surroundings. 


Pye Marine Ltd have received an order 
to equip fifteen Russian trawlers, being 
built at Brooke Marine Ltd, Lowestoft, 
with their latest electronic Fishfinder. 
The Pye Fishfinder is the latest advance 
in fish detection, employing a cathode 
ray tube indicator which gives a visual 
indication of fish shoals under the 
vessel. 


Hallam, Sleigh & Cheston Ltd an- 
nounce that their London area Sales and 
Technical Office has been transferred to 
Oldfield Road, Maidenhead, Berks. 
Telephone Maidenhead 4311. 


Square D Ltd have opened new offices 
at 72a Queen’s College Chambers, Para- 
dise Street, Birmingham. Mr. A. S. Paice, 
Area Manager for the Midlands, is in 
charge of the new office. 





BINDING OF VOLUMES 


Arrangements are now in hand for binding 
the 1956 volume at an inclusive charge of 25s. 
Copies will be bound, complete with index and 
with advertising pages removed, in a good 
quality red cloth covered case blocked in ous 
on the spine. 

Home and Overseas readers who wish to have 

their copies bound are asked to comply with 

the following instructions ;— 

(1) Tie the twelve issues (January to 
December, 1956) securely together before 
parcelling. 

(2) Enclose a remittance for 25s. and a 
gummed label bearing the sender’s name 

and address. (A cheque or Postal Order 
should be made payable to Morgan Bros. 
(Publishers) Ltd.). 

(3) Enclose the copies, remittance and label 
in a closed parcel and address to:— 
The Circulation Dept. (E.E. a: 
28, Essex Street, Strand, London, W.C 

(No other correspondence is necessary.) 

~ tt & F 

The following are also available from our 

Circulation Dept.;— 

A limited number of Bound Volumes for 1955. 

Price Two Guineas, post free. 

Complete Bound Volumes for 1956 will also 

be available. Price £3, post free. 

Binding Cases for twelve issues. Price 7s. 6d. 

postage 6d. 

The Index for Volume 23 (1956) free. 
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E.M.I. Electronics Ltd have been 
commissioned to provide the telemetry 
equipment for the series of experimental 
high altitude test vehicles (rockets) which 
will be used in the upper atmosphere 
rocket research programme to be under- 
taken by the Gassiot Committee of the 
Royal Society during the forthcoming 
International Geophysical Year (1957-58). 


Leo Computers Ltd, the J. Lyons & 
Co subsidiary engaged in the manufac- 
ture and sale of the automatic office 
known as LEO, announce that all pub- 
licity enquiries should be directed to Mr. 
J. Morrish, Voice and Vision Ltd, 107 
Baker Street, London, W.1, and not to 
the Lyons Publicity Office. 


The Research Department of Fry’s 
Metal Foundries have introduced a new 
product called Alcho-Re Soldering Fluid 
type S.64. This fluid allows an excess 
temperature of 50-100°C above the 
carbon point of resin fluxes. Soldering 
is thus completed without flux carboni- 
zation. 


Remington Rand Ltd have announced 
the formation of an Electronics Division. 
Mr. C. W. Elliott is head of the new 
division. 


Cossor Communications Co Ltd has 
been formed, as a subsidiary of A. C. 
Cossor Ltd, to extend the telecommuni- 
cations interests of the Cossor Group. 
Mr. H. Chisholm, Joint Managing Direc- 
tor of A. C. Cossor Ltd, is Chairman 
of the new company and Mr. T. S. 
Heftman General Manager and Techni- 
cal Director. The Sales Division is at 
Cossor House, Highbury Grove, London, 
N.5. 


Racal Engineering Ltd announce that 
they have now appointed Farnell Instru- 
ments Ltd of Hereford House, North 
Court, Vicar Lane, Leeds 2, sole distri- 
butors for their range of digital counters 
and frequency meters in the north of 
England area. Farnell Instruments are 
fully qualified to discuss any special 
application of these equipments and 
their technical staff is being trained in 
the servicing of these Racal products. 


The British Sound Recording Associa- 
tion, in connexion with its twenty-first 
birthday celebrations, will hold a tech- 
nical convention and exhibition of sound 
recording, reproducing and allied elec- 
troacoustic equipment at the Waldorf 
Hotel, London, W.C.2, from 20-22 Sep- 
tember 1957. 
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Notes from 


NORTH AMERICA 


U.H.F. Klystron Transmitter 

The 225 to 400Mc/s Levinthal Model 
PC33 transmitter employs a unique form 
of high-level high-efficiency amplitude 
modulation in the audio range up to 
20kc/s, the system being capable of 90 
per cent modulation on a 10kW carrier 
with overall harmonic distortion of about 
4 per cent and an rf, efficiency of up to 
40 per cent. The klystron used is the 
Eimac X590E, which incorporates a 
modulating anode. The system is also 
capable of up to 20kW c.w. operation and 
can be used for f.m. or f.s.k. by modulat- 
ing the r.f. drive accordingly. The equip- 
ment consists of a beam power-supply 
unit, a modulator unit, a heat-exchanger 
unit, and an r.f. unit. The beam power 
supply is rated for 30kV at 2A d.c., with 
less than 0-04 per cent ripple. The 
modulator unit includes a low-level audio 
amplifier and a high-level 1kW anode 
dissivation modulation tetrode, a 0 to 
1SkV bias supply, a d.c. filament supply 
for the klystron, a d.c. focus-electrode 
supply, five focusing-magnet supplies rated 
for 150V, 4A each and a performance 
monitoring system. The heat exchanger 
is rated for 5OkW at 115°F ambient and 
provides up to 30 gal/min at 60 Ib/in’. 
The r.f. unit consists of the XS590E kly- 
stron, focus coils, tuning boxes, air 
blowers, dummy load and input and 
output directional couplers. 


Aircraft Research Department 

The McDonnell Aircraft Corporation. 
St. Louis, Missouri, has recently estab- 
lished a research department which will 
be seeking the new knowledge being 
called for with increasing urgency for the 
advanced fighters, missiles and helicopters 
which the company is developing. The 
new department will be working in the 
fields of electronics, supersonic and hyper- 
sonic aerodynamics, thermodynamics, 
advanced structures, certain aspects of 
nuclear physics and studies of new 
weapon systems and will be headed by 
Dr. Albert E. Lombard, Jr. 


V.L.F. Symposium 

The National Bureau of Standards 
announces the Very Low Frequency 
Symposium which will be held at the 
Boulder Laboratories, Boulder, Colorado, 
from 23 to 25 January 1957. The low 
frequency range of the radio spectrum has 
not received a great deal of attention in 
recent years, but new applications are now 
coming to light. In 1919 some experiments 
showed it was possible to communicate 
with a totally submerged submarine by 
using low frequencies. Today there is a 
renewed interest because high frequencies 
require that the antenna be raised above 
the water. 

Other applications concern research 
laboratories that are asking for more stable 
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1.f. standard signals which provide a quicker 
and more accurate measurement. Also at 
the present time, the civil aviation organiza- 
tions are experimenting with navigation 
systems which will depend on a relatively 
unvarying I.f. signal to indicate distance and 
direction at all times. 


High Temperature Components 

The penetration of a critical temperature 
barrier in the development of guided 
missiles and supersonic aircraft has been 
demonstrated by scientists of the General 
Electric Company’s Research Laboratories 
Schenectady, with laboratory models of 
electronic devices and circuits operating 
literally ‘red hot’. The achievement was 
described as a major step towards over- 
coming the inability of electronic controls 
to withstand the heat generated by air 
friction at extreme speeds. 

Inside electric furnaces, new valves, 
capacitors, resistors, transformers, in- 
ductors, wires, printed circuit boards and 
an electric motor were operated at tempera- 
tures ranging from 900 to 1 500°F, metals 
such as titanium and special ceramics 
being used in the construction of the 
components. 


Operations Research Symposium 


The Institute of Radio Engineers 
announces an Operations Research Sym- 
posium to be held at the University 
Museum Lecture Hall of the University 
of Pennsylvania on 7 February, 1957, 
sponsored jointly by the Professional 
Group on Engineering Management of 
the Philadelphia Section of the I.R.E. and 
the Society of Industrial and Applied 
Mathematics. The major theme will be 
Mathematical Models in Management 
Decision Making. 


Navigation and Interception Computer 


The Canadian Government has placed 
a multi-million dollar contract for the 
R-Theta Navigation and Interception Com- 
puter. By being adopted as standard on 
the RCAF’S CF-100 twin-jet interceptor 
planes, the equipment may be adopted by 
at least eight other fighting services of 
allied countries outside Canada, including 
NATO. 

The equipment has been ordered by the 
British,Canadian, and United States armies, 
for evaluation as an aid in tank warfare and 
also by the Swedish Air Force. 

The system can be used as an interception 
computer on a moving target, of value in 
defence, particularly in view of its immunity 
to jamming. 

The system is continuously being 
improved, the present version being 
transistorized and of very small weight and 
volume. The R-Theta is claimed to be the 
world’s only transistorized navigational 
computer. 


Radio Fire-Fighting Network 


A radio communications network, 
serving three New England states, has been 
installed and is in operation. 

Eventually, 46 communities in Massa- 
chusetts, New Hampshire and Vermont 
will be equipped with transmitters and 
receivers which, under a system of simul- 
taneous monitoring, make it possible for 
fire vehicles in each participating com- 
munity to hear not only their local 
messages but also those of the three-state 
mutual aid control centre at Greenfield, 
Mass. 

The monitoring system was installed by 
the General Electric Company and as a 
result of the new radio link, rural com- 
munities within the three-state hookup are 
receiving quick fire department assistance 
of the type usually found only in large 
metropolitan areas. 

Currently, as many as 35 pieces of 
equipment may be dispatched immediately 
to any town needing help. 

A much larger number will be possible 
when the system is expanded shortly to 
include 57 mobile units and 17 base 
stations. 


Instrument Company’s Canadian 
Representation 


The merger of Baird Associates Inc. and 
Atomic Instrument Company, both of 
Cambridge, Mass., under the name of 
Baird Associates—Atomic Instrument 
Company, was recently announced. The 
new company will be represented in Canada 
by the Canadian Marconi Company, which 
has been acting as Canadian representative 
for the Atomic Instrument Company for 
some time. 

Baird Associates, Inc., manufacturer of 
spectrochemical instrumentation and 
equipment for infra-red spectrophotometry 
for the past twenty years, has pioneered the 
development of emission and absorption 
type apparatus and more recently has 
entered the field of transistor test equipment 
and transistorized devices. 

The Atomic Instrument Company is 
known for equipment used in the detection 
and analysis of radioactive phenomena and 
high speed data-handling through special- 
ized electronic systems and the manu- 
facture of electronic counting and control 
systems for industrial applications. 

Mr. Arthur Kingsnorth, Supervisor of 
Instrumentation for the Commercial 
Products Division of Canadian Marconi 
Company, 2442 Trenton Avenue, Montreal, 
16, Quebec, will be handling all inquiries 
regarding the sale of Baird Associates— 
Atomic Instrument Co. equipment. 


X-Band Calibrated Load 


Color Television Inc., of San Carlos» 
California, has announced Model 128A 
X-Band calibrated load. This is an 
adjustable mismatch load, which is cali- 
brated at frequencies of 8-6,9-Oand 9-5kMc/s 
with a v.s.w.r. of 1-10, 1-16, 1-4 and 1-8 for 
each frequency. The accuracy is +1 per 
cent of the calibrated value. The load is 
produced with a UG-39/U waveguide 
fitting, modified with two locating guide 
pins and the overall length is 8in. 
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LETTERS TO 


THE EDITOR 


(We do not hold ourselves responsible for the opinions of Our correspondents) 


Function Generation 


Dear Sir.—Several articles have 
appeared in your journal which use the 
same basic technique of function genera- 
tion although the general possibilities of 
the method have not been pointed out. 
Reference may be made to I. G. Baxter 
“A Square Root Law Circuit” (March 
1954, page 97), and to P. N. Nikiforuk 
“A Technique for Non Linear Function 
Generation” (March 1955, page 118). 





Fig. 1 


Consider the basic circuit shown in 
Fig. 1. The resistors are summing junc- 
tion inputs to a high gain d.c, computing 
amplifier (G). The block (F) represents a 
given function generator. 

We have 
[Vi-—F(v.)]= Vo/ —G 
Since G may be of order 10%, 
Vi = F(vo) 
If ® is the inverse function of F, 
(vy) and Vo 

The following table shows the possi- 

bilities of the method: 


F P 

V dt (dv; /dt) 
SiN V, sin —*y; 
exp(v,) log vj; 
(V.)" (V;)' 


We find that the method has been used 
for taking inverse log by C. J. Savant 
and R. C. Howard (Trans. Inst. Radio 
Engs., Electronic Computers, September 
1954). 

If there is an external input (y) to 
to block F and if F is a multiplier then 

Vo. (=%/1) 
Yours faithfully, 
G. Laprerre, J. DoLan, J. Kypp, 
Computing Devices of Canada Ltd.. 
Ottawa. 


A Photo-transistor Trigger Circuit* 

Dear Sir.—The circuit shown in Fig 1. 
constitutes a transistor version of the 
Eccles-Jordan circuit in which one of the 
transistors is photo-sensitive. 

When the circuit is in the condition 
X, cut off and X, conducting it will 
change its state if the photo-transistor is 
exposed to a suitable amplitude (either 
a pulse or a slow rise in level) of thermal 
or visible radiation. Both the sets of com- 
ponent values shown were chosen so that 
the circuit would not be triggered by the 
fluctuations in the ambient daylight 





* U.K. Patent Application No. 27492/56. 
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The working points for the valves 
seem however, to be on the non-linear 
parts of the characteristics for V, and 
the second section of V. while grid- 
current bias is hardly to be recommended 
for linear working—even of a cathode- 
follower—but is used for the first section 
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Fig. A. v, =V,=12AX7. It is convenient to duplicate the high-pass section of the ‘‘q”’ network 
rather than use a high impedance RC feed (necessary if the network section is not to be upset) 
of turnover w, for the feed to the output cathode follower 


illumination to be found in a shaded 
portion of the laboratory. The circuit 
responded to a candle at a range of one 
foot and to a cigarette or small soldering 
iron passed near to it. The speed of 
response in the latter two cases indicated 
that triggering was due to the incident 
radiant flux and not to an increase in the 
temperature of the photo-transistor. 
Heating the circuit slowly, in an oven, 
showed that it will also be triggered by 
an increase in ambient temperature. With 
the component values shown unbracketed 
the circuit triggered when the oven 











Fig. 1. The trigger circuit 


temperature was 26°C. With the compo- 
nent values shown in _ brackets the 
corresponding temperature was 37°C. 
Yours faithfully, 
J. H. McGuire, 
D.S.LR.., 
Fire Research Station, 
Boreham Wood, Herts. 


L.F. High-Pass Filters 


Dear SirR,—I have found Mr. 
Crombie’s article (June, 1956) very useful 
and interesting and am grateful to him 
for the labour which went into it and to 
you for publishing the result. 
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of V,. The valves are not specified but J 
take them both to be 6SL7’s, Another 
mild criticism that may be made is that 
V, is a very imperfect ‘see-saw’ with the 
values given. 

I have worked out values for a pair of 
12AX7’s which should be linear up to 
a peak input of 1V. The circuit is 
shown in Fig. A. It may be necessary 
to explain to those unfamiliar with the 
long-tailed pair that each half must, 
relative to its own cathode, develop 
twice the required gain: the dynamic 
loads in the anode circuits of V, arc 
adjusted for this state. 


Your faithfully, 
W. GRANT 


22 Montague Avenue, 
London, S.E.4. 


The author replies : 


Dear Sir,—I agree with Mr. Grant’s 
comments on the operating conditions of 
the valves in my circuit, His circuit 
should be an improvement on mine at 
high input levels. 

However, it was not intended that the 
published circuit would meet all require- 
ments, it being included merely as an 
illustration of the general method of 
design. For this reason the valve types 
were not specified. 

The published circuit was designed as 
a scale model of a filter having a cut off 
frequency of Ic/s, and operating with a 
small input signal. For this reason, no 
attempt to provide optimum bias was 
made, since it was felt that phase shift 
difficulties might arise from inadequate 
bypassing. During tests it was found that 
at an input level of about 0-1V distor- 
tion was negligible, except at the cut-off 
frequency. 

Yours faithfully, 
D. D. CROMBIE 


Dominion Physical Laboratory, 
Lower Hutt, New Zealand. 
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BOOK REVIEWS 


Mechanical Design for Electronic 
Engineers 


==. H. Garner. 223 pp. 40 figs. Demy 8vo. 
Newnes Ltd. 1956. Price 25s. 

HIS is an extremely useful book for 

the electronic engineer wishing to 
extend his grasp of the mechanical aspect 
of his profession. It has chapters on, 
among other things, Racks, Chassis, 
Serviceability, Sheet Metalwork, Finishes, 
Printing, Potting, Soldering, and Codes 
of Practice. The volume is well printed 
on good paper, the text is well illustrated 
with diagrams and photographs, and 
printing errors and typographical incon- 
sistencies are infrequent; there must be 
few technologists for whom it is not 
worth the 25s. asked for it. But it is 
questionable whether, with the exception 
of the excellent introductory chapter, it 
is actually about design. 


The value of the endeavours of any 
individual depends on how much he 
knows, and what he can do with what he 
knows. In terms of mechanical engineer- 
ing this means on the one hand a sound 
knowledge of materials, processes and 
components, their advantages and draw- 
backs, and on the other the ability to 
select appropriate materials, processes 
and components in the light of particular 
requirements and combine them to pro- 
duce a good piece of apparatus. It is 
this latter which constitutes the act of 
designing. Knowledge and ability are 
distinct and complementary; neither is 
any use without the other, and no amount 
of knowledge will make a good designer 
if he. lacks creative imagination. Leav- 
ing aside the question whether such 
imagination can ever be taught, it is 
certainly true to say that it can be 
trained. Thus what one looks for in a 
primer on design is a number of opera- 
tional procedures, ranging in formality 
from mathematical expressions, through 
rules of thumb, to “tips”. What one 
finds in Mr. Garner’s book are lists of 
possible systems, generally supported by 
useful comment, and a kind of distillate 
from manufacturers’ catalogues. It will 
certainly increase one’s knowledge, but 
it is rather a work of reference than a 
textbook on design. 

In the chapter on ventilation, for 
example, Mr. Garner enumerates the 
various systems for keeping apparatus 
cool, but the information is advanced 
with insufficient reference to the range of 
application of each technique. The 
engineer who has to get a completed 
electrical design into a cabinet of pre- 
scribed dimensions perhaps hopes to rely 
on convective cooling and not be obliged 
to use a blower. How large, then, should 
this louvre be? How much will it help if 
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holes are punched in the chassis around 
that beam tetrode? Mr. Garner tells us 
that the ports should be “ adequate ”. 
Even the roughest rule of thumb would 
be helpful here. If it be objected that it 
is simpler to experiment and find out, 
then well and good, but this is not design. 


The author’s preface states that “if 
every possible aspect of mechanical 
design were to be described fully, an 
extremely large volume would be re- 
quired, and for economic reasons such a 
book would fail to reach those for whom 
it would be of greatest use . . . neverthe- 
less it is hoped that the information and 
ideas encompassed in the present work 
will prove of very real value to all who 
wish to extend their knowledge of this 
important subject”. It is the reviewer’s 
opinion that this book contains most 
valuable information, but is disappoint- 
ingly deficient in ideas. 


P. E. K. DoNALDSON 


Impulstechnik 
Edited by F. Winckel. 346 pp.. 242 figs. Large 
Octava Springer-Verlag, Berlin-Goitingen- 
Heidelberg. 1956. Price DM 37-50. 

HIS book is a collection of ten lec- 

tures given at a university extension 
course recently held at the Technical 
University of Berlin-Charlottenburg in 
collaboration with the Elektrotechnische 
Verein Berlin. It deals with new prob- 
lems and fields of application of the im- 
pulse technique, in particular with 
methods and circuits for the generation, 
modulation, synchronization and trans- 
formation of simple and complex im- 
pulses. The treatment is partly mathe- 
matical, partly more physical and tech- 
nological. From the list of titles it will 
be seen what a wide field has been 
covered and that not only technical prob- 
lems have been dealt with but also 
physiological subjects like human _hear- 
ing and generally the impulse transmis- 
sion by nerves. 

The single subjects are: Impulse 
analysis by F. A. Fischer; Application of 
information theory to impulse problems 
by W. Meyer-Eppler; Impulse technique 
used as measuring method in physics by 
W. Kroebel; Problems of the multiple 
utilization of communication channels 
by pulse modulation by H. Holzwarth; 
The impulse technique in radio naviga- 
tion by E. Kramar; The impulse method 
in ionospheric research by W. Diemin- 
ger; Impulse problems in electronic com- 
puters by A, Speiser; Optical impulse 
technique by P. K. Hermann; Impulse 
transmission in the nervous system by 
H. Fack; Hearing treated on the basis 
of information theory by H. Fack. This 
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last named article has been added as 
supplement to the preceding one but 
formed no part of the lecture course, 

While the specialist in any one of the 
fields dealt with here will find perhaps 
not much that is new to him in the 
article dealing with his special field there 
seems to be no doubt that a mutual 
fecundation, as indicated for example 
in Professor Kroebel’s contribution, ‘s 
made possible by arranging the lectures 
on the various fields side by side. The 
subjects dealt with lie far enough apart 
to avoid the danger of overlapping and 
repetition so frequently found in com- 
posite volumes of this kind. 

The different subjects are dealt with 
in a clear, straightforward manner and 
the book as a whole is not beyond the 
grasp of the ordinary student. Nearly 
every chapter ends with a bibliography. 
A common subject matter index con- 
cludes this well produced book. 


R. NEUMANN. 


Reliability Factor for Ground 
Electronic Equipments 
Editor-in-chief: Keith Henney. 243 pp. 152 fies. 
Demy 4to. McGraw Hill Publishing Co. Ltd. 

New York and London. 1956. Price 56s. 6d. 

HE reliability of electronic equip- 

ments has tecome of increasing 
importance since the last war, during 
which it was found that designs and con- 
structions of military equipment on com- 
mercial lines could not withstand the 
arduous service conditions which they 
were called upon to experience. The 
increasing complexity of electronic equip- 
ments has emphasized the problems and, 
since the war, considerable effort has 
been put into improving the reliability 
of military equipment by the United 
States of America and the United King- 
dom. This is the first book to te pub- 
lished giving detailed information on the 
problem of poor reliability of electronic 
equipments. 

The book was originally prepared by 
the McGraw Hill Book Company for the 
Rome Air Development Center, Griffiss 
Air Force Base, Rome, N.Y., under a 
U.S. Government contract and a great 
deal of the information in the book was 
provided by the General Engineering 
Laboratory of the Rome Air Develop- 
ment Center. The McGraw Hill Book 
Company was then given the right to 
print and sell the book commercially. 

The book is divided into twelve chap- 
ters and a fair summary of its contents 
can be seen from the chapter headings— 
Reliability Concepts, Causes of Unreli- 
ability, Systems Aspects, Mathematical 
Approach to Reliability, Electrical and 
Electronic Factors, Mechanical and 
Environmental Factors, Human Engineer- 
ing, Component Parts, Interference, 
Automatic Production, Equipment Pub- 
lications and Maintenance. 

It covers useful fundamentals of statis- 
tical methods of analysis, electrical and 
mechanical engineering principles, the 
human engineering side of the problem, 


DECEMBER 1956 





d asa 
© but 
urse, 
of the 
erhaps 
in the 
1 there 
mutual 
ample 
ion, °s 
ectures 
The 
| apart 
ig and 
- Com- 


t with 
r and 
id the 
Nearly 
raphy. 

con- 


id 


2 fies. 
- Ltd 
6d. 


quip- 
asing 
luring 
con- 
com- 
1 the 
they 
The 
quip- 
and, 

has 
bility 
nited 
<ing- 
pub- 
1 the 
ronic 


d by 
r the 
iffiss 
er a 
sreat 
was 
ring 
lop- 
300k 
t to 


hap- 
ents 
gs— 
reli- 
tical 
and 
and 
eer- 
nce, 
bub- 


1tiS- 
and 
the 


some broad principles governing the 
selection and use of valves and com- 
ponents and some comments and data on 
training and service manuals and main- 
tenance. 

While the book is written primarily for 
designers of military equipments, it is 
useful also to industrial equipment 
designers, for as equipments become more 
complex the need for reliability in indus- 
trial and commercial equipments becomes 
more essential. The book is excellently 
wrtten and faces up extremely well to the 
task of collecting and sorting the mass of 
information and data which exists both 
in America and in this country in a some- 
what intangible form. The result is a 
reasonably clear exposition of the prob- 
lems involved and of present methods of 
overcoming them. 

There are one or two points which 
might have been stressed, such as the use 
of wired-in valves in improving reli- 
ability—this is more prevalent in this 
country than in the United States of 
America; also that the situation on com- 
ponents is constantly changing—compo- 
nents fitted in equipment may be several 
years old, making any reliability analysis 
difficult. 

In Chapter IV, where the mathematical 
approach to reliability is discussed, it 
might be useful to comment that in order 
to obtain an accurate scientific analysis 
in che true sense it would be necessary to 
include failures from all models of a 
particular type of equipment which have 
been tested under the same environmental 
conditions. As this is not often practical, 
approximations only can be given. 

The chapter on human engineering is 
particularly valuable and contains a great 
deal of useful information not generally 
available in concise form. Considerable 
space is devoted to valves and their 
operation, as it is stated that valves are, 
at the moment, the single largest cause of 
unreliability in the United States equip- 
ments. 

It is obvious that a great deal of 
thought and care has been taken in the 
preparation of this book and very little 
detail affecting reliability has been 
omitted. Even the effect of lowest contract 
bidding has been covered. 

It is interesting that British work in 
this field is mentioned in places through- 
out the book. 

The book can, therefore, be thoroughly 
recommended to those who are concerned 
with building reliable equipments whether 
for military use under arduous environ- 
mental conditions or for industrial use 
where a high standard of reliability is 
required. 


G. W. A. DUMMER 


BBC Handbook 1957 


288 pp. Pott 8vo. Ihe British Broadcasting Cor- 
poration. 1956. Price 5s. 
HIS handbook is a basic reference 
book for all matters connected with 
the BBC, including its constitution, the 
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Charter, and the historical background. 
It gives facts about the nation-wide 
audiences running up to well over ten 
million people for individual sound and 
television programmes. It deals with the 
need for development in the Middle East 
transmissions, and surveys the vast 
amount of material broadcast in 44 
languages in the External Services, which 
amounts to more hours of broadcasting 
than all the domestic sound services 
combined. 


Proceedings of The 1956 Electronic 
Components Symposium 
240 pp. 120 figs. Demy 8vo. Engineering Pub- 
lishers, New York. 1956. Price $5 paper cover, 
$8-25 cloth cover. 
_ are the authorized proceedings 
of the 1956 Electronic Components 
Symposium sponsored by the American 
Institute of Electrical Engineers, the 
Institute of Radio Engineers, the Radio 
Electronics - Television Manufacturers 
Association and the West Coast Electronic 
Manufacturers Association, with partici- 
pation by agencies of the Department of 
Defence and the National Bureau of 
Standards. 

Forty-three different papers cover a 
variety of subjects such as materials pro- 
gress, electron tubes, solid state devices, 
passive components, instrumentation, 
measurements, etc. 








ELECTROPHYSIOLOGICAL 
TECHNIQUE 


By C.J. Dickinson, B.A., B.Sc. 
(Magdalen College, Oxford) 


Price 12/6 
(Postage 6d.) 


The author describes the use 
of electronic methods as 
applied to research in 
Neurophysiology. Chapters 
are devoted to amplifying, 
recording and stimulating 
techniques used in physi- 
ology and medicine (e.g. 
electrocardiography, elec- 
troencephalography, etc.) 


Order your copy through your bookseller 
or direct from 
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ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 


MAGNETIC MATERIALS 
(Illustrated below) 
The Plessey Co. Ltd, Ilford, Essex. 
HE range of ‘Caslox’ magnetic 
materials, manufactured for use in 
television receiver focusing magnets, has 
teen extended by the introduction of a 
new type known as ‘Caslox’ Grade 3. 

Basically, this material, like earlier 
‘Caslox’ grades is a non-metallic mag- 
netic ferrite for use in geometrical con- 
figurations where metallic magnets are 
unsuitable. It has a high stability which 
results from a high value of coercivity 
and a permeability only slightly greater 
than unity. 

The new Grade 3 material has been 
developed as an alternative to existing 
grades, for application where high stan- 
dards of dimensional accuracy are of 
greater importance than maximum 
magnetic properties. This material is light 
in weight, can be easily machined with 
carbide-tipped tools and consists of a 
powdered magnetic ferrite which is bonded 
into the shapes desired by the addition 
of a small quantity of resinous binder. This 
technique enables tolerances of +-005in 
to be achieved and also permits the 
moulding-in of metallic inserts if 
required, 


sOQO 
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When ‘Caslox’ is used in scanning 
coils and ion traps, the magnets can be 
very compact, with high magneto-motive 
force and very low leakage flux. 

The existing ‘Caslox’ Grade 2 will con- 
tinue to be employed in cases where 
maximum magnetic properties are of 
paramount importance. 


VIBRATION GENERATOR 


(Illustrated above right) 


Goodmans Industries Ltd, Axiom Works, 
Lancelot Road, Wembley, Middlesex. 


oe V.G.108 has been especially 
deveioped for vibration testing of 
heavy components for aircraft, guided 
weapons and electronic applications. 
Continuous -dynamic forces up _ to 
£3 000Ib are available at the mounting 
table, with a maximum stroke of +0-35in. 

The 164in diameter mounting table is 
cast in a special magnesium alloy for 
strength and lightness. A combination 
of T-slots will permit bolt fixings at 
points on the table. 

A central shaft is employed to main- 
tain a high radial stiffness, but this does 
not transmit the driving force, which is 
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accessories and test instruments. 





developed immediately under the 
periphery of the table. 

This method eliminates the mechanical 
disadvantages associated with a spindle 
drive and table attachment when testing 
bulky objects. 

A single large casting of a special steel 
forms the main part of the magnet system 
which provides the annular magnetic 
gap for the moving coil. 

A separate supply panel houses the 
rectifier set and smoothing circuit to con- 
vert the three-phase mains supply to d.c. 
for exciting the electromagnet field supply 
and a separate blower motor can be 
remotely installed with the air supply 
ducted into the vibrator. 

Test loads up to 1001b can be attached 
tc the m@unting table and excited up to 
20g but much larger loads can be applied 
at correspondingly lower accelerations. 

The moving coil has a low impedance 
and the effective inductance has been 
reduced to negligible proportions, the 
change in impedance with frequency 
being reduced to a minimum. 

The vibrator installed with a 10kVA 
amplifier is capable of producing 
dynamic forces up to 4000Ib for short 
duration. Continuous forces of 2 500lb 
can be generated at up to 500c/s and 
over 2 000Ib at Ikc/s. 


POWER TRANSISTORS 


Distributed by Tellux Ltd, West Mall Works, 
27/39 Rabbit Row, London, W.8. 


YPE OD604 power transistor was 

developed by Telefunken to enable 
the final stages of 1.f. amplifiers to handle 
bigger outputs and to increase the d.c. 
power in d.c. convertors. 

With a peak current of 1-4A, a 
residual voltage of less than about 0°8V 
is required at the collector. For this 
peak current a control voltage of 0-7V 
is sufficient. It is thus possible with a 
push-pull circuit including two transis- 
tors in class B operation to obtain a useful 
output of approximately 3-5W with a 
battery voltage of 6V. In a d.c. convertor 
with a push-pull oscillator circuit, 
approximately 8 to 10W of d.c. power 
can be achieved. 

The transistor is so constructed that 
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its thermal internal resistance, i.e. the 
thermal resistance between collector 
barrier and base, is small. By means of 
cooling fins or a good thermal contact 
between transistor and chassis, the tem- 
perature in the barrier can be limited to 
75°C with a d.c. load of 1-3W. 


INSTRUMENT CATHODE-RAY TUBE 
The General Electric Co. Ltd, Ty House, 


Kingsway, London, W.C. 

HE 4GP range of 34in instrument 

tubes replaces the existing 34in E4412 
series, four varieties of screen being 
available, with persistences ranging from 
Imsec to 20sec. A further screen, suit- 
able for radar applications, is to be intro- 
duced at a later date although the tube 
can be made to special order with any of 
the majority of other standard screens, 

The deflector plate sensitivity of the 
new tube does not vary by more than 2 
per cent for deflexions up to 75 per cent 
of the useful scan. Improved spot centring 
ensures that the undeflected spot will fall 
within a radius of 5mm concentric with 
the tube face. The deflexion axes are 
orthogonal to within 1°. Other changes 
from the E4412 series are single stage 
post-deflexion acceleration, reduced inter- 
electrode capacitance, a flat-plate glass 
screen and a 6°3V heater. 





STROBOSCOPIC EQUIPMENT 
(Illustrated above) 


Dawe Instruments Ltd. 99 Uxbridge Road, 
London, W.5 


HE electronic flash tubes normally 

used in stroboscopes all emit light over 
«a comparatively large area. Lens systems 
and reflectors, however, require a point- 
source of light for maximum efficiency 
and Type 1202C/1 point-source strobo- 
scopic lamp unit has been produced for 
use with Type 1202C Strobotorch. Using 
«a Mazda FAS lamp, the unit provides a 
point-source of stroboscopic light over 
the range 120 to 10000 flashes/min. The 
design of the unit permits the use of 
either a reflector or lens system for pro- 
jection and microscopy. 

The output of the unit is within the 
range 0-1 to 2-35 joules, depending on the 
flash-rate. The normal lamp is rendered 
inoperative, but its speed control is used 
to control the flash rate of the point- 
source lamp. The independent mounting 
of the new lamp unit enables it to be used 
with optical systems of any required focal 
length, since the mounting provides free 
access from three sides. 
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STABILIZED POWER UNIT 
(/llustrated above) 


Racal Engineering Ltd, Western Road, 
Bracknell, Berkshire 


pty supply unit type PU.156 has 
been designed so that it can be built 
into experimental or production equip- 
ments. Its dimensions are such that it 
occupies the minimum depth when 
mounted behind a standard 19in front 
panel, thereby allowing space for the 
circuits which it will be used to power. 

In addition to being offered as a bare 
chassis, the PU.156 can be _ supplied 
assembled behind a standard 19in front 
panel complete with output terminals, 
metering and the necessary controls. 

The unit employs a conventional series 
stabilizer circuit. Two 5V4G valves in 
parallel are arranged for full-wave recti- 
fication, and the cathodes connected to 
two A1l834 double triodes in parallel, 
acting as the series valve. 

The single stage control circuit uses an 
EF91 which obtains its reference voltage 
from a 150C2 neon stabilizer, As a 
safety precaution the anode of the EF91 
is connected to earth through five CC3L 
neons so that the potential on the grids of 
the series valves remains at a fixed safe 
value even if the control valve fails. 

The positive h.t, output may be varied 
between 200 and 300V by operation of 
the potentiometer connected to the grid of 
the control valve. 

Two metal rectifiers connected in a full- 
wave system provide the —150V supply. 
The 150C stabilizer holds the voltage con- 
sistant to within 0-04 per cent for loads 
of 0 to 15mA. 

An additional transformer 
8:5A at 6°3V a.c. unstabilized. 


supplies 


CRYSTAL CALIBRATOR 
(Illustrated below) 


Advance Components Ltd, Roebuck Road, 
Hainault, Essex 


ALIBRATOR type 74 is designed to 
facilitate the setting of signal sources 
to multiples of 5Mc/s or 1Mc/s over the 
frequency range 1 to 250Mc/s and can 
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be used at higher frequencies with 
reduced sensitivity. 

The instrument comprises a SMc/s 
crystal oscillator which beats with the 
unknown signal in the grid circuit of 2 
pentode valve. This valve functions as a 
detector and optional 1Mc/s oscillator. 
The resulting beat frequency between the 
unknown signal and the nearest 5Mc/s 
(or 1Mc/s) multiple is fed to an audio 
amplifier. The amplified beat note is then 
fed to the speaker (or phones) and to a 
rectifier circuit. The resultant d.c. output 
is applied to the magic-eye tuning indi- 
cator, which is of the twin-sensitivity 
type, permitting the use of a wider range 
of acceptable input voltages without 
recourse to adjustment of the gain con- 
trol. At zero beat the audio amplifier 
response falls to zero, the eye opening 
when exact resonance is established. 

The instrument may also be used for 
receiver calibration, but this application 
will be greatly dependent on receiver 
characteristics, e.g. input impedance, 
sensitivity, signal-to-noise ratio, etc. A 
small fraction of the SMc/s_ signal 
appears at the input socket, together with 
a weak signal at 1Mc/s. Thus if the r-f. 
input socket is connected to the input 
terminals of a sensitive receiver with the 
b.f.o. switched on, beats will be heard 
when the receiver is tuned to multiples 
of 1Mc/s or 5Mc/s. 

The r.f. input is 30mV or less for 
indicator saturation and the aural and 
visual indication accuracies are better 
than +2 parts in 10000 +500c/s and 
1fc/s respectively. 


UNIVERSAL SPECTRUM ANALYSER 
(Illustrated above right) 

Winston Electronics, Ltd, Shepperton, Middlesex 
UNIVERSAL instrument for the 
precision measurement of the spectra 

of pulsed signals in the S, X and L bands 

has been produced which also acts as a 

sensitive receiver of the frequencies 

covered by these bands. The requisite 
spectra are displayed on a Sin long- 

persistence c.r.t. 

The equipment consists of an elec- 
tronic rack and a microwave component 
section at X-band frequencies. The 
microwave component is mounted 
on the front panel of the electronic 
rack. At S-band, the r.f. components are 
mounted in a second rack, both racks 
being fitted into a single case. 

The analyser is designed for the view- 
ing of signals of pulse length between 
0:2 and 2-Syusec at repetition frequencies 
from 200 to 3 000 p/s. 

The sweep speeds are 2, 5, 10 and 25c/s, 
the intermediate frequency 20Mc/s and 
the i.f. bandwidth 50kc/s. 

Both sections use a mechanically tuned 
local klystron oscillator which can be 
frequency-modulated over a range varying 
between 40 and 10Mc/s. 

The sawtooth modulating voltage 
applied to the reflector of the klystron is 
derived from a Miller transitron oscilla- 
tor which also produces a_ horizontal 
deflexion on the cathode-ray tube. 

Since the deflecting voltage applied to 
the X-plate is also used to frequency- 
modulate the klystron, the horizontal 
deflexion is proportional to frequency, 


557 








while the vertical deflexion is propor- 
tional to the vertical amplitude. 

Determination of the spectrum width 
and the centre frequency are obtained 
by means of a wavemeter pip with a pip 
mark oscillator for S-band measurements 
at 1Mc/s intervals. 

The wavemeter operates in the TE,,, 
mode and has a Q-factor of 15000. The 
accuracy of absolute frequency measure- 
ments is +4Mc/s or +1°5Mc/s and of 
relative measurements 250 or 150kc/s. 
according to the tend. 


ULTRASONIC TRANSDUCERS 
(Illustrated below) 

Technical Ceramics Ltd, Towcester, Northants 
HESE piezo-electric _ transducers, 
manufactured for use in ultrasonic 

generators, are fabricated in ceramic, 
made principally from barium titanate 
in a_ polycrystalline form, and are 
impervious to moisture and unaffected by 
temperature. Ceramic transducers are 
rugged and able to handle high powers, 
their overall characteristics, such as 
coupling coefficient, dielectric constant, 
temperature stability, and sensitivity being 
generally superior to those found in other 
transducer materials. Transducers can be 
fabricated to any desired shape or size 
and, in addition to simple rings, plates, 
disks, or cylinders, transducer shapes may 
be combined into dual elements, mosaic 
arrays, series or parallel systems and other 
arrangements. 

Electrodes, consisting of a special silver 
fused to the ceramic at high temperature, 
normally cover the whole of the two 
major surfaces of the transducers, but 
specific areas can be left bare if required. 
The transducers can be supplied with any 
type of lead or, alternatively, tinned areas 
can be provided so that leads can be 
fitted by the user. 
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Meetings this Month 


THE BRITISH INSTITUTION OF 
RADIO ENGINEERS 


Date: 12 December Time: 6.30 p.m. 
Held at: The London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower 
Street, London, W.C.1. 

Lecture: Principles of the Light Amplifier and 
Allied Devices. 

By: T. B. Tomlinson 

South Wales Section 

Date: 5 December. Time: 6.30 p.m. 

Held at: Cardiff College of Technology and 
Commerce, Cathays Park, Cardiff. 

Lecture: Voltage Stabilization. 

By: F. A. Benson. 

North Western Section 

Date: 6 December Time: 6.30 p.m. 

Held at: Reynolds Hall, College of Technology, 
Sackville Street, Manchester 1. 

Lecture: Electronic Automation Applied to the 

Jind Tunnel. 
By: D. S. Wilde. 


West Midlands Section 
Date: 12 December. Time: 7.15 p.m. 
Held at: Wolverhampton and Staffordshire Tech- 


nical College, Wulfruna Street, Wolverhamp- 
ton. 
Lecture: Design of an Experimental Colour 


Television Receiver. 
By: H. A. Fairhurst. 


North Eastern Section 
Date: 12 December Time: 6 p.m. 
Held at: Neville Hail, Westgate Road, Newcastle- 
upon-Tyne. 
Lecture: The Design and Application of Quartz 
Crystals. 


By: R. A. Spears. 


Merseyside Section 
Date: 13 December. Time: 7 p.m. 
Held at: The Council Room, Chamber of Com- 
merce, 1 Old Hall Street, Liverpool 3. 
Lecture: An Automatic System or Electronic 
Component Assembly. 


By: K. M. McKee. 
Scottish Section 
Date: 13 December Time: 7 p.m. 


Held at: The Institution of Engineers and Ship- 
builders. 39 Elmbank Crescent, Glasgow. 

Lecture: The Design and Manufacture of Modern 
Capacitors 

By: J. H. Cozens 

South Midlands Section 

Date: 14 December. Time: 7 p 

Held at: North Gloucestershire Technical "Calling. 
Cheltenham 

Lecture: Radio Astronomy. 

By: R. L. Adgie. 


THE BRITISH KINEMATOGRAPH 
SOCIETY 


Date: 13 December. Time: 7.30 p.m. 
Held at: The Lecture Hall of the iol: Society 
of Arts, John Adam Street, London, -C.2 
Lecture: A Magnetic Tape Recording System for 
Colour Television Signals. 

By: H. R. L. Lamont. 


THE INSTITUTE OF PHYSICS 


Date: 12 December. Time: 6.30 p.m. 

Held at: The Institute’s House, 47 Belgrave 
Square, London, S.W.1. 

Lecture: The Preparation and Testing of Diffrac- 
tion Gratings. 

By: L. A. Sayce 


THE INSTITUTION OF ELECTRICAL 
ENGINEERS 


All London meetings, unless otherwise stated, 

will be held at the Institution, commencing at 
0 p.m. 
Radio and M t Secti 

Date: 3 December. 

Informal evening on Electronics and Automation 
—The Use of Nucleonic Devices. 

Talk by: Denis Taylor. 


Measurement and Control Section 
Date: 4 December. 
Lecture: The Absolute Calibration of Voltage 
Transformers. 
By: W. K. Clothier and L. Medina. 
Date: 18 December. 
Discussion on Breakdown in Dielectrics. 
Opened by: C. G. Garton and J. H. Mason. 
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Ordinary Meeting 

Date: 6 December. : 

Lecture: The Measurement of Earth-loop Resist- 
ance. 

By: G. F. Tagg. 

Informal Meeting 

Date: 10 December. F 

Discussion on Unsolved Problems Arising from 
Automation. 

Opened by: G. L. E. Metz. 

Radio and Telecommunication Section 
Date: 12 December. ; 
Lecture: The BBC Sound Broadcasting Service 

on Very High Frequencies. 

By: E. W. Hayes and H. Page. 

Supply Section 

Date: 19 December. 

Lecture: Choice of Insulation and Surge Pro- 
tection of Overhead Transmission Lines of 
33kV and above. 

By: A. Morris Thomas and D. F. Oakeshott. 


Cambridge Radio and basen ee ne 
Date: 4 December. Time: 6 
Held at: The Cambridgeshire Technical "Caitin». 

Collier Road, Cambridge. 
Informal evening on Ultrasonics in Industry. 
Talk by C. F. Brocklesby. 

East Midland Centre 

Date: 14 December. Time: 6.30 p.m. 


Held at: Leicester College of Technology. 
Lecture: A Transatlantic Telephone Cable. 
By: M. J. Kelly, Sir Gordon Radley, G. W. 


Gilman and R. Halsey. (Joint meeting 
with the Leicester Association of Engineers.) 
East Anglian Sub-Centre 

Date: 10 December. Time: 7.30 p.m. 
Held at: The Assembly House, Norwich. 
Lecture: A. Traction 
By: A. Mandl. 


Mersey and North Wales Centre 


Date: 10 December. Time: 6.30 p.m. 
Held at: The Town Hall, Chester. 
Lecture: The Control of Nuclear Reactors. 


By: R. J. Cox and J. Walker. 


North-Eastern Radio and Measurements Group 
Date: 3 December. Time: 6.15 p.m. 
Held at: King’s College, Newcastle-on-Tyne. 
Lecture: Ship Stabilization: Automatic Controls, 
Computed and in Practice. 
By: J. Bell. 
North Midland Centre 
Date: 4 December. Time: 6.30 p 
Held at: The Central Electricity pth og rYork- 
shire Division, 1 itehall Road, Leeds. 
Informal evening on Electronics and Automa- 


tion. 
Talk by H. A. Thomas. 
North-Western Radio and Telecommunication 


Date: 5 December. Time: 6.45 p.m. 
Held at: The Engineers’ Club, Albert Square, 
Manchester. 

Lectures: A_ Point-Contact Transistor Sealing 


Circuit with 0.4 ysec resolution and 

A Junction Transistor Scaling Circuit with 2 psec 
resolution. 

By: G. B. B. Chaplin. 


North Lancashire Sub-Centre 
Date: 12 December. Time: 7.15 p.m. 


Held at: The North Western Electricity Board 
Demonstration Theatre, Darwen Street, 
Blackburn. 

Discussion on Coordination of Overload 
Capacity. 

Opened by: H. G. Bell. 


North Scotland Sub-Centre 
Date: 13 December. Time: 7 p.m. 
Held at: The Electrical Engineering Department, 
Queen’s College, Dundee. 
Lecture: TRIDAC A Large Analogue Comput- 
a Machine. 
F. J. Spearman, J. J. Gait, A. V. 
deen and R. W. Hynes. 


Rugby Sub-Centre 
Date: 11 December. Time: 6.30 p.m. 
Held at: The Rugby College of . Technology and 
Arts. 
Lecture: The Application of Digital Computers. 
By: R. L. Grimsdale. 
Southern Centre 
Date: 5 December. Time: 6.30 p.m. 
Held at: The College of Technology Extension, 
Anglesea Road, Portsmouth. 
Lecture: Power Station Auxiliary Plant. 
By: G. F. Kennedy and F. J. Hutchinson. 


Western Centre 
Date: 10 December. Time: 6 p.m. 
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Held at: The Lecture Hall, aaiasesing Labora. 
tories, University Walk, Bristol 

Lecture: The Potentialities of Railway Electrifica- 
tion at the Standard Frequen 7" 

A E. L. E. Wheatcroft and H. H. C. Barton. 

—_ A with the Supply and Utilization 


South-Western Sub-Centre 
Date: 4 December. Time: 3 p.m. 
Held at: The Electric Hall, Union Street, Torquay, 
Lecture: Digital Computers. 
By: A. C. D. Haley. 
West Wales (Swansea) Sub-Centre 
Date: 13 December. Time: 6 p.m. 


Held at: The Conference Room, South Wales 
Electricity Board Showrooms, The Kingsway, 
Swansea. 

Lecture: Germanium and Silicon Power 


a 
By: H. Kinma G. A. Carrick, 
"itibberd and A. 7 ‘Blundell. 
Hatfield District 
Date: 11 December. Time: 7 p.m. 
Held at: The Hatfield Technical College 
Lecture: A Transatlantic Telephone Cable 
By: M. J. Kelly, Sir Gordon Radley, G. W. 
Gilman and R. J. Halsey. 


THE INSTITUTION OF POST OFFICE 
ELECTRICAL ENGINEERS 


Date: 11 December. Time: 5 p.m. 

Held at: The Institution of Electrical Engineers, 
Savoy Place, London, 1.2. 

Lecture: The Independent Television Network— 
Its Operation and Maintenance. 

By: C. E. Clinch and J. B. Sewter. 


R. G. 


THE TELEVISION SOCIETY 


Date: 7 December. Time: 7 p.m 

Held at: The Cinematograph Exhibitors’ Associa- 
tion, 164 Shaftesbury Avenue, London, W.C.2. 

Lecture: 90° Scanning. 

By: R. H. C. Morgan and K. E. Martin. 





PUBLICATIONS 
RECEIVED 


ANNUAL REPORT OF THE BRITISH STAN- 
DARDS INSTITUTION 1955-56. The number of 
subscribing members—commercial firms, trade 
associations and professional bodies—reached the 
record figure of 8650, over 4 per cent hi 

than in the previous year. The first section of 
the report includes references to the progress 
made in the study of fuel efficiency, the com- 
pletion of the first British Standard concerned 
with smoke abatement, and preliminary steps 
taken in the preparation of standards required 
for the development of nuclear energy. A page 
of statistics records that there were nearly 4 000 
meetings of technical committees whose work 
resulted in the publication of more than 200 new 
standards. The British Standards Institution, 
a Standards House, 2 Park Street, London, 


CERTIFICATES AND AWARDS is a booklet 
which gives details of nearly 80 operating certifi- 
cates and awards issued by member societies of 
the agp rn come Amateur Radio Union and 


certain commerc and is reputed to be 
the first , & its_ kind blished in the United 
my of Great Britain, 


iety 
by en Little Russell Street, London, 
Wer Price 2s.” 6d. by post 2s. 10d. For 
U.S.A. and Canada 50 cents, post free. 


RADIO HANDBOOK, 14th edition, has recently 
been published. Chapters are included on Intro- 
duction to Radio, d.c. circuits, a.c. Circuits, 
Semiconductors, the oscilloscope. television and 
broadcast interference, etc n all there are 
thirty-two chapters. Editors and Engineers, Ltd, 
Summerland, California, U.S.A. Price $7-50. 


TIME-SAVING NETWORK CALCULATIONS 
by Stockman gives a set of general rules for 
network calculations, and describes the use of 
Thevenin’s theorem, the potentiometer method, 
and other ues for the transient and steady 
states. Two output immittance theorems, are 
formulated. The Re mw Method and Laplace 
Transform are in many of solved 
problems, and aie selected literature references 
are included. Co, 543 aon Street, 
Waltham, a U.S.A. Price $1-7 
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ADVERTISEMENTS 


The charge for;these‘advertisements is 6d. per word. Minimum charge |2/-. Box number 2/- extra, except in the case of advertisements for ‘* Situations 


Wanted,"’ when itfis;free. Specially spaced advertisements per inch single column 42/6. Ar 


must pany the advertisement. Replies 





to Box numbers should be addressed to: ‘‘ Electronic Engineering,”’ 28, Essex Street, Strand, London, W.C.2. Advertisements must be received 


before the |4th of the month for insertion in the following issue. 





OFFICIAL APPOINTMENTS 





ATOMIC ENERGY RESEARCH ESTABLISH- 
MENT, Harwell, requires an experienced Main- 
tenance Technician. To be responsible for the 
peration and i e of non-standard high- 
speed rotating machinery and associated electronic 
equipment. The Officer appointed will work with 
a small team of scientists and will be in charge 
of two mechanics. Applicants should have served 
a gnized gi ing apprenticeship or have 
had equivalent training, and should have had 
experience of similar equipment. The possession 
of a National Certificate in Electrical Engineering 
or Applied Physics would be an advantage. 
Salary: The post will be graded as Technical Class 
Grade II, £795 (at age 30) to £940 per annum. 
(Highest starting salary, £795). Contributory 
superannuation scheme; five-day week; excel'ent 
working conditions and generous leave allowances. 
Married officers living outside the Establishment’s 
transport area will be eligible for housing under 
Authority arrangements or, alternatively, sub- 
stantial assistance towards legal expenses incurred 
in house purchase will be available. Send post- 
card for application form, which must be returned 
by Monday, December 10, to Establishment 
Officer, A.E.R.E., Harwell, Berks, quoting 
reference 672. W 4925 








APPLICATIONS are invited for pensionable 
posts as Examiners in the Patent Office w 
undertake the official scientific, technical and 
legal work in connexion with Patent applica- 


‘ tions. There is a small number of similar posts 


in the Ministry of Supply. Age at least 21 
and under 35 years on Ist January, 1956, with 
extension for regular Forces’ service. Candidates 
must have Ist or 2nd class Honours in Physics, 
Chemistry, Mechanical or Electrical Engineering 
or in Mathematics, or an equivalent qualification 
(e.g., A.M.I.M.E., A.M.I.C.E., A.M.J].E.E., 
A.R.L.C.), but for a limited number of vacancies 
candidates with Ist or 2nd class Honours Degrees 
in other subjects—scientific or otherwise—will be 
considered. Candidates over 28 and under 35 
on Ist January, 1956, will, exceptionally, be 
admitted without these requirements if they have 
specially relevant experience. Starting pay for 
5-day week of 42 hours in London between £605 
and £1,120 (men) according to post-graduate (or 
equivalent) experience and National Service. 
Maximum of scale £1,345. Women’s pay above 
£605 somewhat lower but being improved under 
equal pay scheme. Good prospects of promo- 
tion to Senior Examiner rising to £2,000 (under 
review) and reasonable expectation of further 
peenetion to Principal Examiner. Application 
orm and further particulars from Civil Service 
Commission, Scientific Branch, 30 Old Burling- 
ton Street,’ London, W.1, quoting S 128/56 and 
Stating date of birth. Selection Board sits at 
intervals, as required. Early application advised 
and in any case not later than 31st December, 

W 4909 


BIRKBECK COLLEGE (University of London). 
Applications are invited from graduates in 
Physics or Engineering for a Research Fellowship 
tenable for three years in the Computer Labora- 
tory. The investigation will be concerned with the 
input and output equipment of digital computing 
machines. Salary in range £500-£750 p.a. For 
further particulars apply to the Secretary, Birk- 
beck College, Malet Street, London, W.C.1. 

W 4905 


CENTRAL ELECTRICITY AUTHORITY. 
Research Laboratories, Leatherhead, Surrey, re- 
quire Engineers in the Electronics and Instruments 
Section to assist in experimental and development 
work in the Laboratory and in the field. Candi- 
— shouid have a degree or equivalent quali- 
cations. Experience in one of the following an 
advantage: (a) Noise, vibration, and harmonic 
measurement. (b) Field strength and _ voltage 
measurement at radio frequencies. Ability to 
calibrate equipment and analyse experimental 
data is also desirable. Salaries £735-£910 p.a. 
according to ability. Applications to D. Moffat, 


Director ef Establishments, Winsle Street 
London. W.1, as soon as possible. ote ref. 
EE/915 W 4901 
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THE COLLEGE OF AERONAUTICS. Applica- 
tions are invited for the appointment of Lecturer 
in the Department of Aircraft Electrical Engin- 
eering. Salary depend on qualifications and 
experience within a range rising to £1,200 per 
annum with F.S.S.U. and family allowance. A 
university degree or equivalent in engineering or 
physics is desirable and candidates should prefer- 
ably (though not essentially) have experience of 
one of the following: (a) Electrical machine design, 
(b) aircraft electrical installations, or (c) electricai 
power systems. Successful candidate will be re- 
quired to lecture at post-graduate level on air- 
craft and G.W. power systems and to assist in 
the equipping and supervision of laboratories. 
Opportunities exist for private research work. 
Applications (quoting reference EP/L) giving 
full particulars and the names of three referees 
should be forwarded to the Recorder, The College 
of Aeronautics, Cranfield, Bletchley, Bucks, from 
whom further particulars may be ee an 

1 


ELECTRONIC TECHNICIAN required to con- 
struct apparatus associated with 2 mil. volt 
electron accelerator and other special electronics 
equipment for research. Keen practical interest 
in electronics expected and theoretical knowledge 
up to Higher National or equivalent. Salary 
between £630 and £805 per annum according to 
age and experience, plus superannuation. Apply 
Director, Radiobiology Research Unit, Mount 
Vernon Hospital, Northwood, Middlesex. W 1690 


LABORATORY TECHNICIAN (Equipment 
Maintenance) required by the West African 
Cocoa Research Institute for one tour of 12-24 
months in first instance either (i) with prospect 
of permanency wih salary scale (including Over- 
seas Pay and Temporary Allowance) £854 rising 
to £1,414 a year or (ii) on contract with salary 
scale aa Temporary Allowance) £1,019 
rising to £1,7 a year and gratuity at rate of 
£150 a year. Free passages for officer, wife 
and 3 children under age 13. Liberal leave. 
Candidates must have been trained in and had 
experience of the maintenance and repair of 
laboratory equipment including electronic equip- 
ment used in _ investigations involving tracer 
technique. Write to the Crown Agents, 4 Mill- 
bank, London, S.W.1. State age, name in block 
letters, full qualifications and experience and 
quote M2A/41723/EK. W 4910 


MECHANICAL AND ELECTRICAL ENGIN- 
EERS in various Government Departments. The 
Civil Service Commissioners invite applications 
for pensionable posts in a wide variety of mech- 
anical and electrical engineering duties. Candidates 
must be under 35 on Ist January, 1956, with 
extension for regular service in H.M. Forces and 
up to two years for permanent civil service. For 
the Post Office they must be at least 21, for the 
Ministry of Supply, and Ministry of Transport 
and Civil Aviation (Civil Aviation Organisation) 
at least 23; for other posts at least 25 on that 
date. Corporate Membership of one of the 
professional institutions—Mechanical Engineers, 
Electrical Engineers, or Civil Engineers is essen- 
tial for most of the posts but for some posts 
Associate Fellowship of the Royal Aeronautical 
Society or (in the Post Office) an Honours Degree 
in Engineering or Physics will be accepted. Candi- 
dates will however be admitted, provisionally, who 
have passed, or have exemption from, the appro- 
priate Sections of the examinations for the stipu- 
lated Associate Membership. Exceptionally a 
candidate with evidence of high professional 
attainment may be admitted. Relevant training 
and practical experience is expected. London 
salary (men) £765 (at age 25) to £1,190. Starting 
salary according to age up to £1,030 at 34. Candi- 
dates entering below age 25 will start at salaries 
varying from £565 at age 21 to £685 at age 24. 
Prospects of promotidn to higher grades on 
salary scales £1,215-£1,640 and £1,690-£1,950. 
Somewhat lower in the provinces. Women’s scales 
lower but being improved under equal pay scheme. 
Further particulars and applications forms from 
Civil Service Commission, Scientific Branch, 30 
Old Burlington Street, London, W.1, quoting 
No. S85/56. Interview Boards held at intervals, 
as required. Early application advised and in any 
case not later than 3lst December, 1956. W 4880 


NORTHERN POLYTECHNIC, Holloway, Lon- 
don, N.7. The Governing Body invite immediate 
applications for appointment as full-time Grade 
““B” Assistant Lecturer in the Department of 
Telecommunications for full-time courses in 
reparation for the Radio Trades Examination 

rd and the City and Guilds of London Insti- 
tute Examinations in Radio and _ Television 
Servicing. A knowledge of electronic instrumen- 
tation is desirable. Salary scale: £650 x £25—£1,025, 
together with allowances in accordance with the 
Burnham Award. Commencing salary according 
to age, qualifications and experience. Particulars 
and form of application from the Clerk to the 
Governors. W 4904 





NORTHAMPTON POLYTECHNIC, St. John 
Street, London, E.C.1. Applications are invited 
for Assistant Lecturer_in the Department of 
Electrical Engineering. Candidates should | ; 
a University degree in Electrical Engineering and 
have had practical experience in the Electrical 
Industry. ¢ post offers experience in degree and 
sandwich diploma work in a provisionally Desig- 
nated College of Advanced Technology with facili- 
ties for research and development. Salary in 
accordance with revised London Technical Scale, 
viz: for Honours graduates £811 p.a. rising to 
£1,198 plus additions for University training. 
Starting salary depends on industrial experience. 
Particulars and forms of application from 
Secretary, J. E. Richardson, Ph.D., B.Eng., 
M.1.E.E., A.M.1I.Mech.E., Principal W 4940 


THE COLLEGE OF AERONAUTICS. Applica- 
tions are invited for the appointment of Lecturer 
in the Department of Aircraft Electrical Engin- 
eering. A university degree in physics or electrical 
engineering is desirable together with experience 
in telecommunications, radar, microwave tech- 
niques or allied subjects. A knowledge of aero- 
nautical applications would be an added qualifica- 
tion but is not essential. Salary dependent on 
qualifications and experience within a range 
rising to £1,200 per annum with F.S.S.U. and 
family allowance. Successful candidate will be 
required to lecture at a post-graduate level on 
aircraft and G.W. guidance systems and to assist 
in the equipping and supervision of laboratories. 
Opportunities exist for private research work. 
Applications (quoting reference ER/L) giving 
full particulars and the names of three referees 
should be forwarded to the Recorder, The 
College of Aeronautics, Cranfield, Bletchley, 
Bucks, from whom further particulars may be 
obtained. W 4918 


ROYAL MILITARY COLLEGE OF SCIENCE, 
Shrivenham, Berks, requires (a) Senior Lecturer 
or Lecturer in Mathematics, (b) Senior Lecturers 
or Lecturers in Radar and Telecommunications, 
(c) Senior Lecturer or Lecturer in Engineering 
Physics. Quals.: Ist or 2nd Class Hons. (appro- 
priate) Degree. Post (a) Applied Mathematics 
preferred; experience desirable. Post (b) Speciali- 
zation in electronics, telecommunications, radar, 
or missile guidance. Post (c) Specialization in 
servo-mechanisms, computing, or missile control. 
Duties: Teaching at University level excellent 
facilities for research. Age: Minimum for Senior 
Lecturer (normally) 26, for Lecturer 21. Salary 
Scales: Senior Lecturer £1,075 to £1,265; Lec- 
turer £565 to £995. Starting salary allows credit 
for approved post-graduate experience and 
National Service. Successful candidates may enter 
or continue under F.S.S.U. arrangements; pros- 
pects of permanency. Houses at economic rents 
available for married men; quarters in residential 
Officers’ Mess for single men. Further particulars 
and forms from M.L.N.S., Technical and Scien- 
tific Register (K’, 26 King Street, London, S.W.1. 
quoting A.361/6A. W 4360 


THE COLLEGE OF AERONAUTICS. Applica- 
tions are invited for the appointment of Senior 
Lecturer in the Department of Aircraft Elec- 
trical Engineering. Candidates should possess a 
university degree or equivalent in engineering and 
should have considerable experience of one of 
the following: (a) electrical machine design, (b) 
aircraft electrical systems, or (c) electrical power 
systems. Salary dependent on qualifications and 
experience within a range rising to £1.600 per 
annum with F.S.S.U. and family allowance. 
Successful candidate will be required to lecture 
at a post-graduate level on aircraft and G.W. 
power systems and to equip and supervise 
laboratories and other installations. Opportunities 
exist for private research work. Applications 
(quoting shoes EP/SL) giving full particulars 
and the names of three referees should be for- 
warded to the Recorder. The College of Aecro- 
nautics, Cranfield, Bletchley, Bucks, from whom 
further particulars may be obtained. W 4936 


UNIVERSITY OF SOUTHAMPTON. Instrument 
Mechanic or Tool Maker, preferably under 30, 
required for the Mechanical Workshop of the 
Electronics Department. Applicants should be able 
to do their own milling and turning and be 
capable of producing mechanical apparatus on 
a ‘‘one-off’’ basis. Experience of precision work 
is desirable but no experience of electronic tech- 
niques is required. Excellent working conditions, 
hours and holidays. Staff superannuation scheme. 
Applications in writing, giving full details of ex- 
perience and qualifications, together with the 
names of two persons to whom reference may 
be made should be sent to the Secretary and 
Registrar as soon as possible. W 4920 









ELECTRONIC ENGINEERING 





OFFICIAL APPOINTMENTS (Cont'd.) 


SENIOR ASSISTANT (SCIENTIFIC) required by 
the Atomic Weapons Research Establishment, 
Aldermaston, Berks, for the development of 
electronic timing and control equipment for 
routine testing of explosive items. Applicants 
should have a knowledge of pulse techniques, high 
speed oscillography and methods of measuring 
small time intervals. The minimum qualification 
is G.C.E. (Ordinary level) in four subjects includ- 
ing English and one Mathematical or Scientific 
subject or equivalent. yo should be pre- 
pared to serve overseas for short periods. Salary: 
£725-£965 p.a. (male). Contributory superannua- 
tion scheme. A house or assistance towards legal 
expenses on house purchase will be available for 
married officers living beyond daily travelling 
distance. Requests for application forms by post- 
card to the Senior Recruitment Officer at the 
above address. Please quote ref. C/551/42. 
W 4929 


THE COLLEGE OF AERONAUTICS. Applica- 
tions are invited for the appointment of Demon- 
strator in the Department of Aircraft Electrical 
Engineering to assist in the supervision and check- 
ing of students’ laboratory work. Salary depen- 
dent on qualifications and experience within a 
range rising to £1,050 per annum with family 
allowance. A university degree or equivalent in 
engineering or physics is desirable but not essen- 
tial. Candidates should have a good general ex- 
perience of electrical machines and be able to 
undertake tests on motors, generators and power 
equipment. Successful candidate would be con- 
sidered for promotion to a lectureship appoint- 
ment at a later date. Applications (quoting refer- 
ence EP/D) giving full particulars and the names 
of three referees should be forwarded to the 
Recorder, The College of Aeronautics, Cranfield, 
Bletchley, Bucks, from whom further particulars 
may be obtained. 


UNIVERSITY COLLEGE OF SWANSEA. Appli- 
cations are invited for a Lectureship in Electrical 
Engineering. Salary £650 x £50—£1,350 per 
annum. Commencing salary will be at a point on 
the scale according to age, qualifications and ex- 
perience. Membership of the F.S.S.U. and child- 
ren’s allowance scheme. Further particulars may 
be obtained from the Registrar, University Coi- 
lege, Singleton Park, Swansea, to whom applica- 
tions (six copies) must be sent by 15th December, 
1956. W 1701 


THE COLLEGE OF AERONAUTICS. Applica- 
tions are invited for the appointment of Demon- 
strator in the Department of Aircraft Electrical 
Engineering to take charge of the everyday run- 
ning and maintenance of a teaching and research 
laboratory devoted to work in the telecommuni- 
cations, radio navigational, radar and microwave 
fields. Preference will be given to candidates hold- 
ing a university degree or professional qualifica- 
tion. Experience in aeronautical applications of 
any of the above fields is,an added qualification 
but candidates without such experience will be 
considered. Salary dependent on qualifications and 
experience within a range rising to £1,050 per 
annum with family allowance. Successful candi- 
date would be considered for promotion to a 
lectureship appointment at a later date. Applica- 
tions (quoting reference ER/D) giving full par- 
ticulars and the names of three referees should 
be forwarded to the Recorder, The College of 
Aeronautics. Cranfield, Bletchley, Bucks, from 
whom further particulars may be obtained. 

W 4919 


SITUATIONS VACANT 


AN ELECTRICAL ENGINEER is required by 
an Engineering Contractor with Headquarters in 
London to specify and arrange the electrical 
supply systems required for a wide range of elec- 
tronic and associated instruments. Applicants 
should possess a university degree in electrical 
engineering or equivalent qualifications and should 
be about 30 years of age. Sound practical experi- 
ence in electrical engineering and a knowledge of 
electronics are essential. Experience of stabilized 
power systems would be an advantage. The 
appointment is with an expanding organization 
and a staff pension fund is in operation. Apply 
giving full particulars of age, qualifications, ex- 
perience and salary to Box No. W 4924. 


AN INTERESTING POSITION for an Electronic 
Development Engineer occurs in a_ laboratory 
engaged in a large variety of original work. The 
field covered includes: Industrial Instrumentation, 
Servo, Audio Circuits, Pulse Work; experience in 
one of these is desirable. An academic qualifi- 
cation up to H.N.C. would be an advantage, but 
the relevant experience will be taken into account. 
The replies should be addressed to the Chief 
Engineer, Winston’ Electronics Ltd., Govett 
Avenue, Shepperton, Middlesex. W 16389 


ELECTRONIC ENGINEERING 


AGENT WANTED by Kingston (Surrey) firm 
able to secure Contracts or Sub-Contracts for 
manufacture of electronic and telecommunication 
equipment. Good capacity availatle. Develop- 
ment work undertaken. Box W 1686. 


A LARGE FIRM in the Midlands which is 
expanding rapidly in the field of instrumentation 
has the following vacancies:— (1) Nucleonics 
Senior Design Engineer to lead a team engaged 
in the design and development of Instrumenta- 
tion for Nuclear Reactors, Nuclear Physics and 
Geological Survey. This is the senior position in 
the nucleonics activities of the Company and 
offers an excellent future to an engineer having 
both outstanding technical ability and personality. 
Applicants should have had several years’ experi- 
ence in the design of electronic apparatus 
preferably in the nucleonics field, good academic 
training and the ability to lead a progressive group 
in an expanding field of activities. (2) Mechanical 
Engineering. Senior Mechanical Engineer to co- 
ordinate and lead the mechanical design teams 
associated with the various sections engaged on 
the development of nucleonic and _ industrial 
instruments. Applicants should have a thorough 
practical and theoretical knowledge of electron:c 
apparatus design, mass and batch production 
techniques and processes, and the ability to lead 
staff engaged on new and novel instrumentation 
projects. Qualifications equivalent to corporate 
membership of I.E.E. or I.Mech.E. are desirable. 
These posts are pensionable and permanent and 
it is intended that they should be filled by peopie 
of the right ability, even though they may at 
present occupy relatively junior positions. The 
posts offer excellent opportunities for advance- 
ment, and starting salary will be in the region 
of £1,200 with annual increments on a generous 
scale. Some assistance with housing can, if 
required, be offered to married applicants. Apply 
to Box No. W 4871 


APPARATUS ENGINEER required for Labora- 
tory concerned with Aircraft Relay Switchgear. 
To be engaged on life and experimental testing 
involving the making-up of jigs and fixtures and 
the writing of reports. Good salary in accord- 
ance with experience and qualifications. 5-day 
week. Contributory Pension and Life Assurance 
Fund. Apply quoting reference B.8873, Emp‘oy- 
ment Department, Ferguson Radio Corporation, 
Gt. Cambridge Road, Enfield. W 4913 


AN ENGINEERING FIRM in Hove, Sussex, 
wishes to contact a young Electronic Engineer 
with ideas worthy of development. Box No. 
W 1700. 


A RARE OPPORTUNITY FOR Senior Develop- 
ment Engineers with design and production 
liaison experience in radio, to join a company 
looking to the future. These permanent posi- 
tions offer ample scope for progress in an 
organization where Research and Development 
are given their true importance. Generous start- 
ing salary. Ideal working conditions. There 
are a limited number of vacancies also for Junior 
Engineers, particularly those with experience in 
the transistor field. For either position apply to 
Personne! Manager, Pye Telecommunications Ltd., 
Ditton Works, Cambridge. W 4851 





AUTOMATION. This is a new, interesting and 
expanding field involving the design and develop- 
ment of light and medium weight automatic 
special-purpose machines which embrace the pro- 
cessing and assembly of electronic apparatus 
Engineers with experience of this class of work 
are invited to apply for vacancies which exist m 
the self-contained laboratories of a large engineer- 
ing company situated in the London area. The 
appointments are permanent and progressive with 
a salary range up to £1,200 per annum. Please 
reply, giving full details of qualifications and 
experience to Box No. W 4869. 





CHEMIST. Male or female required to investi- 
gate methods of chemical analysis employing 
polarography and other electro-chemical methods 
and advise on applications to special problems. 
Candidate must have degree in Chemistry and 
preferably some _ experience of Polarography. 
Write stating age, experience and qualifications, 
Personnel Manager, Southern Instruments Limited, 
Frimley Road, Camberiey, Surrey. W 488 


BUSH RADIO LIMITED, Development Labora- 
tories, Kew. Vacancies exist in all grades for 
work on colour te'evision and associated test 
gear. Write for application form to Personnel 
Dept. (Ref. CTV), Bush Radio Ltd., Power Road, 
Chiswick, W.4. W 4893 


CENTRAL ELECTRICITY AUTH 
Research Laboratories, Leatherhead, Surrey 
quire an Instrument Engineer in the Flectre 
and Instruments Section. Duties include the 
tenance, calibration and repair of a wide y: 

of physical, chemical and electrical instry 
Experience in electronics or nucleonic equipment 
an advantage. Candidates should have HNC 
equivalent qualification. Salary £520-£695 4 
Applications to D. Moffat, Director of Esta 
ments, Winsley Street, London, W.1, as SOON as 
possible. Quote ref. AE.919. Ww 


CENTRAL ELECTRICITY AUTHORITY, Re. 
search Laboratories, Leatherhead, Surrey, require 
a Telecommunications Engineer in the Eectronies 
and Instruments Section, to be responsible for 
experimental and development work in connee. 
tion with the application of telecommunication 
techniques in the Electricity Supply Industry. 4 
good knowledge of communication theory and 
electronic techniques as applied to line signalling 
and telegraphy is essential. Experience in radio 
communication equipment or microwave appara. 
tus development an advantage. Candidates shouig 
have an honours degree with previous research 
experience. Salary £995-£1,345 p.a. Applications 
to D. Moffat, Director of Establishments, Wins. 
ley Street, London, W.1. Quote Ref. EE928. 

W 4934 


CINEMA-TELEVISION LIMITED have vacan- 
cies in the Vacuum Tube Development Laboratory 
for the following personnel:— Qualified Physicist 
with several years’ experience in the development 
of photocells containing photo emissive, secon. 
dary ermissive and/or photo conductive surfaces. 
Status according to qualifications, experience and 
ability. Young Qualified Physicists or Physical 
Chemists interested in working on photo electric 
problems, to work under the direction of an 
experienced Engineer. Junior Engineer status. 
Pension scheme, five-day week, good canteen. 
One-minute bus and rail services, 25 minutes 
Charing Cross. Write. with full particulars of 
experience, age and salary required to Cinema- 
Television Lim‘ted, Worsley Bridge Road, Lower 
Sydenham, S.E.26 W 4862 





CINEMA-TELEVISION LIMITED have vacan- 
cies in the Vacuum Tube Development Laboratory 
for the following personnel. Young Qualitied 
Physicists, Physical Chemists or Electrical Engin- 
eers interested in cathode-ray tube development, 
to work under the direction of an experienced 
Engineer. Junior Engineer status. Pension scheme, 
five-day week, good canteen. One-minute bus 
and rail services, 25 minutes Charing Cross. 
Write, with full particulars of experience, age 
and salary required to Cinema-Television Ltd., 
Worsley Bridge Road, Lower Sydenham, S.E.26. 

W 4863 





CONSULTING GEOPHYSICISTS have  vacan- 
cies in seismic oil exploration field parties for 
young men, preferab!y single, with electronic or 
radar engineering experience, with Higher 
National or C. and G. Certificates in Electrical 
Engineering or Telecommunications. £600 x £72 
We offer a permanent career to men of initiative 
prepared to accept responsibility and work in 
camp conditions in all parts of the world. Libera! 
home leave and allowances. Box No. W 328 


CREATIVE DESIGN. A first-class Designer is 
required to work on electro mechanical devices 
such as gyros, but under conditions which entail 
an entirely new order of precision, perfection and 
a high standard of working conditions. The posi- 
tion carries considerable status and _ successful 
experience in making mechanisms and assemblies 
work will be of more value than drawing office 
dexterity. Please write to the Personnel Manager 
(ref. 080). Elliott Brothers (London) Limited, 
Boreham Wood, Herts. W 4928 


DEVELOPMENT ENGINEERS required for work 
on communications, test, and industrial control 
equipment. Applicants should have H.N.C. oF 
Degree and previous experience in one of the 
above fields. Permanent, pensionable positions. 
Apply Personnel Officer, Airmec Limited, Hi 
Wycombe, Bucks. W 4876 





CLASSIFIED ADVERTISEMENTS 
continued on page 4 
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VHF/FM TUNER 
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Built to the usual WB standard of craftsmanship, this gives outstanding 
performance, due to specialised design incorporating advanced circuits to 
take full advantage of the VHF/FM transmissions. 

Permeability tuning, automatic frequency control, and temperature- 
controlled circuits give rock-steady tuning with no drift. Foster Seeley 
discriminator and cathode follower circuit. The wide frequency range— 
87.5-108 Mc/s.—covers all proposed British stations, and also those on the 
Continent and in U.S.A. Latest type tuning indicator. 

The high sensitivity enables this Tuner to be used in areas where FM 
transmissions are normally regarded as out of range. No 
interference with television, due to negligible radiation figure. 

Price £25 (inc. P.T.) 





See and hear this and all 
other Stentorian High 
Fidelity equipment at 
our London office (109 
Kingsway, W.C.2) any 
Saturday between 9a.m. 
and |2noon. Leaflets on 


i epee ——_" 


WHITELEY ELECTRICAL RADIO CO. LTD-MANSFIELD-NOTTS 










y WANT 
or 


@ Precision component 
designed and manufactured for 
consistent accuracy. 

- Specially selected wire is sealed against humidity 
ina new resin which withstands temperatures of 
over 150°C. 

@ Ratings |W, }W and {W with maximum resist- 
ances of 2MQ, 800K Q ard 600K © respectively. 
Standard tolerances set at 20°C: 1.0%, 0.5° 
0.25% and 0.1% or .01Q whichever is greater. 

@ Guaranteed temperature coefficient of better 
than .002% up to 300K Q to run to 100°C. 


@ Special resistors can be supplied to customer's 


~~ 


own specifications 
@ Delivery of samples within 14 days with prompt ALMA COMPONENTS LIMITED 
quantity supply. Please write for details. 165, OSSULSTON STREET, EUSTON, LONDON, N.W.! 
Telephone: EUSTON 2977 
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SITUATIONS VACANT (Cont'd.) 





DE HAVILLAND PROPELLERS LTD. invite 
applications from first-class; Electrical and Elec- 
tronic Draughtsmen for positions in a team now 
being formed to undertake design work on an 
entirely New Project. Experience of guided weapon 
or radar design is desirable. Apply to the Person- 
nel Manager (Ref. 6B), De Havilland Propellers 
Ltd., Hatfield, Herts. W 4902 


DESIGNER-DRAUGHTSMAN required for duties 
in connexion with small mechanisms and asso- 
ciated electronic circuits, component layout, 
cableforms and wiring information. Write stating 
age, experience and qualifications to Personnel 

anager, Southern Instruments Limited, Frimley 
Road, Camberley, Surrey. W 489! 


DEVELOPMENT. We are a firm well known w 
the S.W. London area, and our activities include 
Electronics. We are seeking young Development 
Engineers (completed or exempted from National 
Service), for design work on circuits employing 
junction transistors. They should have the H.N.C., 
preferably in Electronics, and be familiar with 
pulse techniques and transistors. The starting 
salary would be £500-£700 p.a. If you feel that 
you fit these requirements, and would like to hear 
more about the project, write fully and in com- 
plete confidence. All applications will be acknow- 
ledged. Box No. W 4897. 





DRAUGHTSMEN. Attractive opportunities are 
available for suitable men in connection with work 
on electronic equipment. Previous practical ex- 
perience and National Certificate desirable. 
Prospects of engineering appointments for those 


achieving Higher National. Ge salaries 
five-day week, pension scheme, staff canteen, 
modern welfare amenities. Apply Personnel 


Superintendent, The Edison Swan Electric Co., 
Ltd., Cosmos Works, Brimsdown, Enfield, Mid- 
dlesex. W 4922 





DRAUGHTSMEN: Vacancies for senior 
draughtsmen with experience of E'ectronic and/ 
or Electromechanical engineering required, prefer- 
ably with experience of Ministry requirements. 
Excellent prospects with good commencing 
salaries; non-contributory Pension Scheme in 
operation. Applications will be treated in strict 
confidence and should give full chronological 
details of qualifications, “experience and age to 
John A. Smith, Ltd., 24 Lichfield Street, Wolveré 
hampton or 34 Bruton Street, London, W.1. 

W 314 





DRAUGHTSMEN AND DESIGNER 
DRAUGHTSMEN are required by the Electronic 
Division to meet an expanding and varied pro- 
gramme of work. These are permanent posts 
affording an opportunity of broadening experi- 
ence with excellent prospects and good commenc- 
ing salary. If this advertisement interests you 
write for an appointment giving details of ex- 
perience to Personnel Department (D22), Murphy 
Radio Limited, Welwyn Garden City, Herts. 

W 4799 


E. K. COLE LTD.. Malmesbury, Wilts, require 
two Grade | Testers with experience in communi- 
cations or radar equipment. Transport from out- 
lying areas. Full canteen and welfare facilities. 
Applications should be made to the Personnel 
Manager. W 4935 


ELECTRONIC ENGINEER to work on _ the 
design and development of electronic and tran- 
sistor amplifiers for use in servo-mechanisms and 
computing circuits. Applicants should have had 
at least three years’ experience of laboratory work 
on electronic circuits, and preferably those 
familiar with transistor techniques, but the Com- 
Pany are prepared to train suitable applicants 
in this field, providing they have attained H.N.C. 
in Electronic Engineering. Advanced rates of pay 
for competent men. Canteen and Medical Services 
and Sports and Social facilities are available 
together with Service holiday and Payment during 
Illness arrangements, also Pension provisions. 
ig can be considered for the tenancy 
of houses on the Company’s attractive Estate. 
Applications should be made in writing to the 
Personnel Manager, Kelvin and Hughes Limited, 
Winchester Road, Basingstoke, Hants. W 4907 


ELECTRONIC ENGINEERING 


DEVELOPMENT ENGINEER required for Elec- 
trical Instrument Works in N.W. London. Appli- 
cants must have an Engineering Degree or 
Higher National Certificate, and be interested in 
the field of light current engineering and the 
design of electrical measuring instruments. Reply, 
Stating qualifications, age and experience, to 
Works Manager, Everett, Edgcumbe & Co., 
Ltd., Colindale Works, Colindeep Lane, wy nea 


ELECTROMECHANICAL ENGINEER. A 
vacancy has arisen in the Research Laboratories 
of Decca Radar for a young engineer with good 
qualifications in both Electronic and Mechanical 
Engineering. The successful applicant will have 
H.N.C. in Electrical and O.N.C. (or H.N.C.) in 
Mechanical Engineering, or equivalent qualifica- 
tions; he will join an expanding team working on 
the prototype design of radar equipment using 
advanced techniques. The position is a senior 
one, and there are excellent prospects for a 
man of enthusiasm and ability. rite, giving 
brief details and quoting RLA.179, to Decca 
Radar Ltd., Radar Research Laboratory, 2 Tol- 
worth Rise, Surbiton, Surrey. W 4866 


ELECTRICAL AND MECHANICAL Engineers. 
Senior electrical engineer required for design and 
development of electrical servo components pre- 
ferably with experience in small motor field, also 
Senior Mechanical Engineer required with experi- 
ence in design of small precision geared mechan- 
isms. Salaries £900 to £1,200 and pension scheme. 
Please write Personnel Manager, Vactric (Control 
Equipment) Ltd., Brunel Road, eens 

4892 


ELECTRONIC DEVELOPMENT ENGINEER 
required. Degree standard, conversant’ with 
Ministry and A.I.D. requirements. Must be 
versatile and have ability to organise. Excellent 
prospects in small Company central South Coast 
a Write in first instance to Box No. 


ELECTRONIC DEVELOPMENT ENGINEER 
required for work on a wide range of interesting 
projects. Applicants should have degree or equiva- 
lent in Physics or E'ectronic Engineering. Experi- 
ence of D.C. Amplifiers, computing or data pro- 
cessing eqvipment, servo-mechanisms, transistors, 
magnetic amplifiers an advantage. Write stating 
age, experience and qualifications to Personnel 
Manager, Southern Instruments Limited, Frimley 
Road, Camberley, Surrey. W 4889 


ELECTRONIC ENGINEERS. Two vacancies exis« 
for Engineers to take charge of Projects Overseas. 
Candidates should have H.N.C. or equivalent 
and have had some experience in Industrial Elec- 
tronics. Must be single prepared to work abroad 
and should be in the age group 26-32. Write 
Box EE.933, c/o 191 Gresham House, aba 

4914 


ELECTRONIC ENGINEER. Armstrong Sidde- 
ley Motors Limited has a vacancy for an ex- 
perienced Electronic Engineer in their Rocket 
Division. Applicants should be experienced in 
the methods of medium and high speed record- 
ing for work connected with instrumentation of 
rocket motors under test. Salary range £850 to 
£1,000 per annum. This work must obviously 
present a wide field for original research. Appli- 
cations quoting reference to the Tech- 
nical Personnel Manager, Armstrong Siddeley 
Motors Limited, Parkside Works, SD 
Ww 


ELECTRONIC ENGINEERS required for inter- 
esting new design work on equipment for auto- 
matic control, and programming of vibration 
test specifications. Applicants must have first-class 
electronic experience. Knowledge of vibration 
testing procedures would be an advantage. Excei- 
lent prospects. Write full details qualifications and 


experience, Secretary, Goodmans _ Industries. 
Limited, Axiom Works, Wembley, Middlesex 
W 4941 


ELECTRONIC ENGINEERS. Senior and junior 
Electronic Engineers are required for interesting 
and varied work in the Nelson Research Labora- 
tories, English Electric Co. Ltd., Stafford. Appli- 
cants should have sound workshop experience and 
some knowledge of Drawing Office Procedure. 
Qualifications up to H.N.C. level are desirabie. 
Duties will involve responsibility for the Engin- 
eering Design and Development of prototype 
electronic equipment from the rough circuit stage 
to the issuing of manufacturing information to 
the Laboratories’ Workshops and the posts offer 
ample scope for advancement to men with initia- 
tive and ability. Apply to Dept. C.P.S., 336/7 
Strand, W.C.2, quoting Ref. EE.906A. W 4915 


ELECTRONIC ENGINEERS or Physicists » 
quired for a basic study project concerned wig 
communications at the Company's new Resear 
Laboratories. The work is novel and providg 
opportunities for initiative and original 
Applicants should a good 
Degree or equivalent and preferably have 
some years’ experience of research or 
ment in the field of electronics. Salary a 
to qualifications and experience up to £1,300 pe 
Applications, stating age, qualificat) 

and experience, to the Administrative Officer, The 
Plessey Co. Ltd., Roke Manor, Romsey, 
shire. : 


ELECTRONIC ENGINEER or Physicist for 
application research on Ultrasonic Flaw Detector, 
he post involves contact with industrial users, 
interesting work and opportunities for advance. 
ment in a rapidly expanding field. Write gi 

details of age, experience, qualifications, salary 
required, etc., to Ultrasonoscope Co. (London) 
Ltd., Sudbourne Road, London, S.W.2. W 46% 


ELECTRONIC ENGINEERS OR PHYSICISTS 
required for rapidly expanding research depart. 
ment. Experience of pulse techniques or ultra 
sonics desirable but not essential. The work is 
varied and interesting and offer scope and oppor. 
tunities for people with initiative. B.Sc. o 
H.N.C. standard. Write giving details of age, 
experience, salary required, etc., to Ultrasono. 
scope Co. (London) Ltd., Sudbourne Road, 
London, S.W.2. W 4817 


ELECTRONIC ENGINEER. The Rank Organiza. 
tion requires the services a fully qualified 
Electronic Engineer to take charge of laboratory 
work on a development project. Experience 
television receiver design essential. Permanem 
appointment carrying a starting salary of £1,100 
£1,300 according to experience and qualifications 
with pension rights, stationed in the London area. 
Apply in writing giving a concise but complete 
account of training, qualifications and career s# 
far to the Personnel Adviser, The Rank Organi- 
zation, 11 Belgrave Road, S.W.1. W 498 


ELECTRONIC ENGINEER required for small 
research department of geophysical consulting 
concern. ork, of vari and ___ interesting 
nature, includes low-frequency amplifier design, 
magnetic recording, vibration detection and 
display, and servo devices. Complete familiarity 
with two or more of these subjects is a 
recommendation than paper qualifications, though 
H.N.C. or better in electronics, with a back- 
ground of physics, would be an advantage. 
Apply Box W 1696 


itr 


ELECTRONIC TECHNICIAN required to main- 
tain Electronic Control Equipment, and also 
assist in development of new Industrial Control 
Systems. Applicants should have minimum 

N.C. Excellent salary dependent upon age, 
qualifications and experience. Apply Grundy 
(Teddington) Limited, Somerset Works, Elmtree 
Road, Teddington, Middlesex. W 1702 


ELECTRONIC TECHNICIAN _ required to 
supervise and organize smali scale batch produc- 
tion of industrial electronic control gear. Sound 
knowledge of electronic circuitry and previous 
production experience is essential. Excellent 
opportunity for ambitious, adequately qualified 
man. Age 26/35. Apply: Electronic Switchgear 
(London) Ltd.. Works Road, Letchworth, Herts, 
or telephone: Letchworth 1853. W 1682 


ELECTRONICS ENGINEERS. Bell Punch 
Company Limited wish to engage a number of 
well-qualified electronics Engineers, to be respon- 
sible for the design and development of new 
applications of low-power pulse work in a num- 
ber of important fields. Starting salaries will 
range from £1, to £2,000 per annum depend- 
ent on the experience of the selected candidates. 
Prospects for quick advancement are good and 
will be related to the individual’s success in the 
work on which he will be engaged. Applications 
giving details of experience and qualifications 
should be addressed to the Administration 
Manager, Bell Punch Co. Ltd., Uxbridge, Middle- 
sex. W 4911 





E.M.I. LTD., Domestic Electronics Division, 
require (a) Mechanical Engineer-Draughtsman to 
work on the design of magnetic recording equip 
ment at their Greenford branch. Qualifications 
should include engineering apprenticeship oF 
equivalent or several years’ experience in til 
field. (b) Mechanical Designers of magnetic 
recording equipment at their Hayes laboratories. 
A number of interesting projects are in hand, 
giving scope for inventive ability to applicants who 
have knowledge of electrical circuitry or interest 0 
small mechanisms. Salaries will be commensurate 
with ability. Superannuation Scheme. Apply, 
giving full details to Personnel Department 
(DED/11), E.M.I. Ltd., Hayes, Baiddiesex. 
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< DISTRIBUTED AMPLIFIERS 
TYPE 2B AND 2C 


Maximum output |50V p-p. 
Gain X12 
Frequency response 50c/s to 
100Mc/s. 
Input impedance :— 
75 ohms (type 2B) 
150 ohms (type 2C) 
Output impedance 200 ohms. 
Power unit type DA2C is suit- 
able for both amplifiers. 
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These units have particular applications 
with wide band networks and high speed 
oscilloscopes. 


E.M.1. ELECTRONICS LTD. 
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SITUATIONS VACANT (Cont'd.) 











ELECTRONICS LTD., Engineering 
Development Division. Digital Data Processing 
Systems. The line communication problems 
emanating from the application of digital data 
handling techniques to specific systems have 
resulted in the following vacancies:— Senior Line 
Communication Engineer. A qualified telephone 
engineer having at least eight years’ experience 
in system design and switching techniques, 
required to lead a small line communication team 
within the Digital Computor Division of the 
Company. This post calls for an engineer of 
above average capabilities and evidence will be 
required of original work. Junior Communication 
Engineer. Several vacancies exist for qualified 
junior engineers to work on the ancillary equip- 
ment of a digit data processing system. Experi- 
ence in video and switching techniques is required, 
although training will be given in the application 
of transistor and magnetic cores to_ these 
problems. Applications should be made with full 
details to EL/E.18, Personnel Department, E.M.1. 
Electronics Ltd., Hayes, Middlesex W 4855 


ELECTRONICS FITTER required by Central 


Electricity Authority Research Laboratories, 
Leatherhead, Surrey, for the construction of 
prototype electronic and electro-mechanical 


appatatus, and the maintenance of light current 
equipment. Wages 4s. Sd. per hour, 44-hour week. 
Voluntary pension scheme. Applications to D 
Moffat, Director of Establishments, Winsley 
Street. London, W.1. Quote ref. EE/912. W 4883 


ELECTRONIC DEVELOPMENT ENGINEER. 
Applications are invited from young men inter- 
ested in a post as Development Engineer to work 
on the development of transistor and printed 
circuit techniques with a view to their application 
principally to domestic radio and television 
receivers. Applicants should have a degree in 
Electrical Engineering or its equivalent and some 
experience of development work. Those interested 
should write, quoting (Reference TPC) and giving 
details of their qualifications and experience to 
the Personnel Manager, The General Electric Co. 
Lt? , Radio and Television Works, Spon Street. 
Coventry W 4938 


E.M.I. ELECTRONICS’ LTD. Engineering 
Development Division. A Senior Mathematical 
Physicist is required to work in association with 
a large electronic analogue computor at the Felt- 
ham laboratories of the’ Company. His main 
responsibility will be to direct the effort of a 
medium sized group of Physicists and Mathemati- 
cians. Considerable experience of servo systems 
and servo theory is necessary. Please apply in 
the first instance, giving fu!l details and stating 


salary required to the Personnel Department 
EL/E.25, E.M.I. E’ectronics Ltd., Hayes, Middle- 
sex. W 4933 


E.M.I. ELECTRONICS’ LTD. Engineering 
Development Division. A Microwave Engineer is 
required at the Feltham Latoratories of the Com- 
pany. The work is of a varied nature covering 
the whole field of Microwave Components and 
systems and includes research and development 
on new materials and components. A_ working 
knowledge of general circuitry would be an added 
advantage. Prospects with the Compzny are ex- 


cellent and applicants should apply in the first 
instance, giving full details and stating salary 
required to EL/EI7, Personnel Department, 
E.M.I. Electronics, Hayes, Middlesex. W 4857 


ESTIMATING. E. K. Cole Ltd.. Ma'mesbury, 
ilts, have a vacancy for an Estimator. The 
company is engaged on Electronic equipment and 
applicants should have had a wide experience in 
estimating this class of work and small quantity 
production. Good practical shop training is cun- 
sidered essential and an engineering apprentice- 
ship desirable. Good salary will be offered and 
there is a possibility of housing accommodation 
being available to suitable applicants. Full wel- 
fare facilities and contributory Pension Scheme. 
Please app'y in writing with details of education, 
training and experience to Personnel Manager. 
W 4877 
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E.M.I. ELECTRONICS LTD. Research Division. 
Microwave engineers are required in the Research 
Laboratories of the above Company in a section 
engaged on problems associated with portable 
Television links and service projeets of a similar 
nature. Applicants should have a Degree in 
engineering or equivalent qualification and 2-3 
years’ experience in shortwave and microwave 
tield or a special interest in these problems. 
Please write with full details to EL/R.10, Per- 
sonnel Department, E.M.I. Electronics, Hayes, 
Middlesex W 4856 


E.M.I. ELFCTRONICS LTD. Research Division. 
An Engineer is required to take charge of prov- 
ing tests in a small mechanics laboratory of 
the above Company. Applicants should have 
H.N.C. and previous experience in mechanical 
or electro-mechanical equipments. Please write 
with full details to EL/R.13, Personnel Depart- 
ment, E.M.I. Electronics, Ltd., Hayes, Middle- 
sex. W 4854 








E.M.I. ELECTRONICS LTD. Research Division. 
An Electronic Engineer with Degree or equiva- 
lent, age about 25, required for work in the 
research laboratories of the above Company. 
Applicants should have had some general ex- 
perience in electronics and be able to work on 
own initiative. Please write with full details to 
EL/RI12, Personnel Department, E.M.1._ Elec- 
tronics Ltd., Hayes, Middlesex. W 4858 





ERICSSON TELEPHONES LTD. have in their 
Research Laboratories a number of vacancies for 
circuit designers and equipment engineers to work 
on nucleonic instruments, and interesting new 
developments in electronic computing and switch- 
ing; both senior and junior posts are available. 
Applicants should have a degree or equivalent 
plus several years’ experience of appropriate work 
for the senior posts; correspondingly reduced 
qualifications and experience will be accepted for 
junior posts. Salaries will be in accordance with 
age, qualifications and experience. Application:, 
giving details of age, academic or other training 
and qualifications, experience, and starting salary 
required, should be sent to the Personnel Officer, 
Ericsson Telephones Ltd., Beeston, Nottingham. 
W 197 


EXPANDING COMPANY in South Bucks has 
vacancy for Senior development engineer with at 
least 5 years’ experience of industrial electronics 
and process control. Pensionable position at 
salary up to £1,500 pa. for experienced engineer 
with initiative and drive. Apply Box W 4875. 


EXPERIMENTAL ASSISTANTS are required for 
our expanding Development Laboratories at New 
Addington for work mainly on small electro 
magnetic aircraft instruments. H.N.C. standard 


desirable. Pension Scheme etc. Apply in writing 
to: Personnel Officer, Louis Newmark Ltd., 
Prefect Works, Purley Way, Croydon. W 4899 


FLIGHT TRIALS DEPARTMENT of Smiths 
Aircraft Instruments Ltd., have vacancies for 
staff to be responsible for installation and flight 
test observer work on Auto controls and Flight 
Systems. Immediate senior positions can be taken 
up by qualified Engineers, interested in flying, 
with experience in light Electro-Mechanical 
Engineering field, such as Gyroscopes, E!ectronics, 
Radar, Navigational Aids, Servo-Systems, etc. 
Consideration will also be given to Graduates, 
without previous experience, who have completed 
National Service. Candidates must be prepared 
to travel in the United Kingdom and abroad. 
App'y to Divisional Personnel Manager, Smiths 
Aircraft Instruments Limited, Bishops Cleeve, 
near Cheltenham, quoting reference 85/EN/14 

W 1697 


G. & E. BRADLEY LIMITED have the follow- 
ing vacancies for Electronic Engineers. Two 
engineers with considerable circuit design experi- 
ence. Salary range £700-£1,000 p.a. dependent 
upon experience and qualifications. Knowledge of 
microwave techniques an advantage for one posi. 
Two junior engineers for development work on 
electronic equipment. Salary range £500-£700 p.a. 
Two junior engineers for technical investigation 
of British and American equipment, including 
the most recent designs of radar, navigation and 
test equipment. Previous experience of this type 
of work is desirable. Salary range £500-£700 p.a. 
Application forms from Mr. P. Thurneil, 
Assistant Chief Engineer, G. & E. Bradley Ltd., 
Mount Pleasant, A!perton, Wembley, Middlesex. 
W 1693 


ENGINEER required for development work 
Polystyrene film capacitors. Specialised 
ence essential. Exceptional remui 
offered. Own staff advised. Write Box W4gp 


IN NEWLY ESTABLISHED Laboratories a 
large North London Manufacturer there 
vacancies for the following. Qualified Electra 
Engineers for Development of all kinds of ekg. 
tronic equipment. Knowledge of transistor gy. 
cuitry, although not essential, will be adva: 
ous. (Ret. E/A/L). Graduate Physicist fo 
work in connexion with the direct conversion ¢ 
nuclear radiations to electrical energy. (Rea 
E/B/L). A Physicist or Engineer with ¢ 
ence of transistor manufacture. This post Might 
be combined with Ref. E/B/L above in a gy, 
able case. (Ref. E/C/L). Science graduates (o 
persons with equivalent qualifications) aged 25.) 
having knowledge and experience in electronic 
field, concerned with RF and AF devices includ. 
ing Radio and Television, required as Sales 
neers. Knowledge of transistor applications a 
advantage. (Ref. B/D/L). Salaries will be com. 
mensurate with qualifications, experience and age, 
Applicants should give briet summary of quali. 
cauuons and experience and quote the appropriag 
reference. Box No. 4793. 


MECHANICAL DEVELOPMENT ENGINER 
required by modern company situated on Surrey; 
Hampshire border. Duties include work on mech 
anical design of electronic or electrical 
ment. Applicants should have Degree or HWE 
and experience of the design of small mechanisms 
and/or behaviour of materials under extrem 
climatic and electrical conditions. Write _ 
age, experience and qualifications. Box 

W 4885. 


ILFORD LIMITED require a young Electronics 
Engineer for research projects involving, among 
other things, d.c. amplifiers, timing circuits, 
servo-systems, television and transistor circuits, 
The successful candidate will work with a Senior 
Research Engineer in the Physics Research 
Laboratory at Brentwood, Essex. He will 
assume a large degree of responsibility for the 
design of equipment for use in the Company's 
Laboratories and Factories and for the super. 
vision of their assembly and maintenance. A 
basic knowiedge of optics and photography will 
prove useful, but it is not essential. Minimum 
requirements: Grad. 1.E.E. or equivalent, accom 
panied by imagination, enthusiasm and a prac 
tical knowledge of electronic circuitry. App.y in 
writing to Research Director, Ilford Limited, 
Ilford, Essex. W 4868 


INSTRUMENT ENGINEER. An _#seInstrument 
Engineer is required ty an Engineering Company 
with offices in Central London to prepare spect 
fications and examine designs for a wide range 
of electronic and_ other instruments. Applicants 
should possess a University degree in physics or 
engineering or equivalent qualifications and have 
had several years’ experience in the application 
of modern instrument technique for the provision 
of scientific data. A sound knowledge of theo 
retical and applied electronics is essential and 
experience of servomechanisms or computer tech 
nique would be an advantage. This is a pension 
able appointment and is a good opportunity for 
a man wishing to apply his knowledge to a new 
and interesting field of development. A 
tions giving full details of age, qualifications, ex 
perience and present salary to Box No. W 4 


MANAGEMENT SELECTION LIMITED has 
been retained to advise on the selection of a 
Technical Sales Executive for a very large and 
expanding engineering company in London. He 
will be responsible to the Board for all top level 
sales negotiations and especially for seeking and 
fostering new markets for a wide range of light 
engineering products, particularly the latest 
developments in the electronics field. Candidates 
should have had several years’ experience of com 
tract selling to manufacturers, preceded by 
technical qualification and wide practical engin- 
eering experience; some knowledge of electronics 
essential. Starting salary about £3,000, but subject 
to discussion; probable age 40 to 50. Please send 
brief details, in strict confidence, to R. A. 
Denerley (MM.190), Management Selection 
Limited, 17 Stratton Street, London, W.1. Appli- 
cations will not be passed to our client, unless 
candidates agree to this after confidential dis 
cussion at which the identity of the company 
will te disclosed. W 4932 
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Less than | ohm. 
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TYPES AVAILABLE 


AS 515 
200 milliamps output (250 or 300V output) 


AS 517 
100 milliamps output (250 or 300V output) 


AS 615 
500 milliamps output (250 or 300V output) 
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40 milliamps output (150V output only) 
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RELIABILITY—UNDER OUR Thames Ditton, Surrey 


“5 12 MONTHS’ GUARANTEE, COSTS Telephone: EMBerbrook 5522 
HAVE NEVER EXCEEDED 0.2% OF SALES Cables: Solartron, Thames Ditton 


AS 619 
200 milliamps output (150 to 180V output) 
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SITUATIONS VACANT (Cont'd.) 





McMICHAEL RADIO LTD., Slough, Bucks, 
have vacancies from time to time for Electronic 
Engineers to be engaged on Government projects. 
Those wishing to be considered are invited to 
write fully to the Chief Engineer, = 
Division. 205 
MURPHY RADIO LIMITED have vacancies in 
the Radio and Television Laboratories for senior 
and junior engineers. posts offer excellent 
rospects of advancement. Applications, giving 
fui details of experience and qualifications, should 
addressed initially to Personnel Department 
(Ro. Murphy Radio Limited, Welwyn Sorte 
ity, Herts. 4908 





MULLARD RESEARCH LABORATORIES 
have a vacancy for a graduate scientist with ex- 
perience of development and preproduction tech- 
niques in the receiving valve industry. The 
selected candidate would be required to direct 
the construction of experimental valves in the 
Special Tubes Division and in due course to be 
responsible for certain development projects 
arising from the research work of the division 
Excellent salary and conditions of employment, 
including Life Assurance and Superannuation 
scheme will be offered to the successful appli- 
cant. Apply in writing to Mr. G. A. Taylor, 
Personnel Officer, Mullard Research Laboratories. 
Cross Oak Lane, Salfords, near Redhill, Surrey. 
quoting ref. CHT. W 4803 





MULLARD RESEARCH LABORATORIES in- 
vite applications from senior ware! scientists 
or engineers with experience in C. develop- 
ment. The post carries substantial ah. 
in a newly formed group concerned with the 
study and design of storage tubes for direct view 
display and other purposes. Excellent salary and 
conditions of employment, including Life Assur- 
ance and Superannuation scheme will be offered 
to the successful applicant. Apply in writing 
to Mr. G. A. Taylor, Personnel Officer, Mullard 
Research Laboratories. Cross Oak Lane. Sal- 
fords, near Redhill, Surrey, quoting ref. Sun 
(S). W 4802 





MURPHY RADIO require a man to assist in 
the development of an automatic apparatus for 
making single crystal silicon, and eventually to 
take over responsibility for this plant. Essential 
requirements are: 1. Pass Degree or H.N.C. in 
Electrical Engineering or Physics. 2. A good 
background in mechanical engineering. 3. An 
interest in and aptitude for design of tempera- 
ture and displacement control schemes. 4. Some 
understanding of the physical processes involved 
in silicon crystal growing. Salary according to 
qualifications and experience. Apply in writing 
giving details of experience, age, etc., to Per- 
sonnel Department (E.26) Murphy Radio Limited, 
Welwyn Garden City, Hertfordshire. W 4878 





OPPORTUNITIES FOR SERVICE ENGINEERS. 
Applications are invited for posts entailing inter- 
esting service work, including trials and techni- 
cal liaison, in connexion with Sperry Marine or 
Acronautical navigational and associated equip- 
ment. Applicants must have good knowledge of 
electronic theory, wide electro-mechanical experi- 
ence, preferably on _ similar equipment, be 
physically fit, have a good personality and be 
prepared to travel in U.K. Aeronautical Service 
Engineers must be under 40, and fit for flying 
as test observer. Salary appropriate to qualifica- 
tions and experience, and 
expenses are reimbursed. A _ superannuation 


‘‘away-from-base"’ 


scheme is in operation. Write briefly and in con- 
fidence to Personnel Manager, Sperry Gyroscope 
Co. Ltd., Great West Road, Brentford, Middlesex. 

W 4881 
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OPPORTUNITY KNOCKS! A first-class chance 
to join a small new and successful electronic 
instrument firm in its early stages of growth. 
Your future here is what you make it. Draughts- 
men and electronic engineers apply Bourne 
Engineering Ltd., Abbey Mill, St. Albans. Phone 
57375. W 1656 





PHOTO-PRINTED CIRCUITS LTD., pioneers 
in this field, offer vacancies in their Electronics 

aboratory for Engineers, to undertake develop- 
ment duties concerning the application of Printed 
Circuit techniques to radio and electronics. Can- 
didates for this post should possess,a basic tech- 
nical background, and be famiuar with the 
operation and use of electronic measuring instru- 
ments. Applications for interview should apply 
to Photo-Printed Circuits Ltd., Guildford Road, 
Bisley, Surrey. Brookwood 2200. W 1691 


PRACTICAL ELECTRONIC ENGINEERS re- 
quired for the maintenance of production test 
equipment used in the manufacture of Radio 
Components and various electrical products. A 
certain amount of design and construction is 
entailed, together with the carrying out of routine 
electrical investigations and production trouble- 
shooting. Applicants should have a sound basic 
knowledge of electronic principles and the ability 
to work from circuit diagrams with the minimum 
supervision. Servicing knowledge of Radio and 
Television an advantage. Practical experience of 
this type of work will be rated as highly as 
academic qualifications. Good salaries will be 
paid and a Pension Scheme is in operation. 
Please reply, in confidence, quoting T.P.3, to 
Box No. W 4832 


PLASTIC MOULDING COMPANY requires the 
services of free-lance agents who have suitabie 
connexions with users of mouldings. Exclusive 
territory granted. Write Box No. W 1672 


PLESSEY NUCLEONICS LTD. have a vacancy 
for a Physicist to work on the application of 
electronic instruments to problems in the nuclear 
energy field. Applicants should have a keen 
interest in this type of work and possess a 
Degree in Physics. The post offers consider- 
able scope for advancement, and opportunity for 
interesting design work. Starting salary will be 
in accordance to qualifications and experience. 
Plessey Nucleonics Ltd., Weedon Road, North- 
ampton. W 4818 


PRODUCTION SUPERVISOR required to take 
charge of medium-size production unit producing 
a wide range of electronic and electro-mechanical 
instruments. Applicants should have experience of 
methods of manufacture, planning and control 
suited to small batch production Write stating 
age, experience and qualifications to Personnel 
Manager, Southern Instruments Limited, ak 
Road, Camberley, Surrey. W 4890 


PULSE CIRCUIT ENGINEER required for 
original work on the applications of a wide range 
of Cold-Cathode tubes. >. or equivalent 
essential. Write stating previous experience, age 
and salary required to the Personnel Officer, 
Ericsson Telephones Limited, Beeston, Notting- 
ham. quoting Ref. No. LK/4. W 4903 


PYE LIMITED require Engineers for Planning 
and Installation of Te‘evision Transmitter Stations 
in this country and abroad. The work cpvers 
systems comprising transmitters, masts, aerials, 
feeders, microwave links and power supplies. 
Experience in these fields is desirable but not 
essential. Technical qualifications up to H.N.C. 
or equivalent. Salary commensurate with ex- 
perience and qualifications. Please write to the 
Chief Engineer, Pye Limited, Cambridge, quot- 
ing ‘ TIP.’ W 4867 


QUALIFIED and _ unqualified scientific and 
engineering personnel. Vacancies occur for men 
to work in progressive laboratories dealing with 
interesting problems in dielectrics. An acquain- 
tance with polymer chemistry, vacuum technique 
or statistical experimentation would be an advan- 
tage, but is not essential. Write full details age, 
experience and salary required to Personnel 
Manager, Telephone Manufacturing Co. Ltd.. 
Sevenoaks Way, St. Mary Cray, Kent. W 4927 


RECORDING AND CUTTING ENGINEER. A 
Recording and Cutting Engineer capable of work- 
ing without supervision is required by a major 
Recording Company. Duties will involve com- 
plete responsibility for the maintenance of all 
equipment both on the Company’s premises and 
on location and development work with the 
appropriate research departments. Applications 
should be made in the candidate’s handwriting, 
giving details of qualifications, past experience, 
A earned and required to Box No. 


RADIO AND ALLIED Industries Ltd., require 
Senior and Junior Development Engineers fay 
responsible and interesting work in their labora. 
tories at cMichael Works, Slough. Ex 

conditions and opportunities for advancemem, 
Pension Scheme. Apply in writing to Pe 

Officer, Dept. R.D., McMichael Works, Wexham 
Road, Slough, Bucks. W 4937 





RESEARCH LABORATORY, Associated Elec. 
trical Industries Limited. Microwave Research, 
A Technical Assistant is required for funds. 
mental research on new devices for microwave 
generation. Microwave, vacuum, or valve ex. 
perience desirable, initiative and interest essen. 
tial as the appointment offers opportunity for 
advancement. Applicants must have satisfied 
National Service requirements. The Laboratory 
is in pleasant surroundings in the Berkshire 
countryside, with coach transport scheme from 
Reading and Newbury. Apply giving experience 
and educational qualifications quoting reference 
No. EP/A/1 to the Personnel Officer, Research 


Laboratory, Associated Electrical Industries 
Limited, Aldermaston Court, Aldermaston, 
Berkshire. W 4923 





SAUNDERS-ROE LIMITED require six tech. 
nicians interested in aircraft and missile stability 
and control to join an Analogue Computer Team. 
Applicants should have experience in one of 
the following: Aerodynamic Stability, Servo. 
mechanisms, Flutter or Electronics. They must 
Possess an engineering degree or H.N.C., as 
theoretical evaluation and test work is invoived, 
Assistance with accommodation is available, con- 
ditions are good and salaries will be commen. 
surate with ability. Those interested should apply 
quoting age, experience, qualifications and ref.: 
EE.13 to the Personnel Officer, Saunders-Roe 
Ltd., East Cowes, Isle of Wight. W 4896 


REPRESENTATIVE to carry additional lines 
used in automation to electrical, electronic and 
engineering manufacturers. Tremendous scope 
for right man capable of handling large orders. 
Box W 4864. 


SALES REPRESENTATIVE required by leading 
manufacturers of electronic components to con- 
tact set manufacturers. Technical radio back- 
ground. Similar sales experience not necessary. 
Post offered is permanent, pensionable and a 
good salary will be paid to successful candidate. 
Car will be supplied plus a liberal expense allow- 
ance. Please write giving in confidence full details 
of experience, salaries earned, age, etc., to Box 
No. W 1688. 





——oeeores CIRCUIT DEVELOPMENT 
HIV. LIMITED, a company associated with 
a ne group in the telecommunications field 
requires the services of an Electronics Techni- 
cian. Applicants should have previous experi- 
ence in the design, construction and testing of 
electronic equipment. ¢ post offers scope for 
advancement and is suitable for candidates wish- 
ing to pursue part time studies. Applications. 
which will be treated in strict confidence, stating 
age, education, qualifications and salary expec- 
ted should be addressed to the Engineer-in-Chief, 
Hivac Ltd.. Stonefield Way. Victoria Road, 
Ruislip, Middlesex, quoting reference =: ” 
4 





SENIOR ELECTRONIC DESIGNER. A Senior 
Electronic Designer is required to work on auto- 
matic aircraft eq ing auto-pilots. 
Previous experience ‘in electronic design is essen- 
tial and an emphasis on miniaturization is 
desirable. The work is varied and employs the 
latest techniaues in the use of transistors and 
magnetic amplifiers. Write to the Chief Engineer 
(P.D. 081). Aviation Division, Elliott Brothers 
(London) Limited, Borehamwood, Herts. W 4781 





SENIOR ELECTRICAL Test Engineer required 
for Laboratory of London Manufacturers to deal 
with evaluation of routine quality control, ex- 
perimental tests and specifications study. Experi- 
ence any branch where insulation and breakdown 
Strength tests carried out. Box No. W 4884. 


TEACHING POSITIONS in electrical engineer- 
ing department of large eastern university in 
the United States available starting February 1 
and September 1, 57. Doctorate desirable. 
Undergraduate and graduate instruction in elec- 
tronics, communication theory, servomechanisms, 
computers, or other modern fields. Box W 1694. 
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in some of Britain’s biggest laboratories 


you'll find the SER’ 





SERVOGRAPH 














Servograph in use with Standard 
Telephones and Cables Ltd., High Si tability 
Variable Frequency Oscillator Type 
A.1408. 










Used in many of Britain’s biggest laboratories—including those of the BBC, Aero 
Research Ltd., Ferranti Ltd., G.E.C. Ltd., I-C.I. Ltd., and Standard Telephones and 
Cables Ltd.—the laboratory model of the Fielden Mark II Servograph has a Servo- 
motorised pen mechanism for accuracy up to British Standards Specification B.55.89, 
Ist Grade. It gives quick and sensitive response. Economical, too; power consumption 
for full-scale deflection may be only a few micro-watts. The use of the capacity method 
of measurement enables the whole system to be sturdy and trouble-free, avoiding the 
complicated lightly balanced pen mechanism. The power available from the Servo- 
motor system enables a really robust pen to be utilised, and there is plenty of power 
available for controllers to be fitted. Completely portable, Servographs can be installed 
easily in any position without levelling. Four points can be recorded for less than 
£35 per point. For full details, send for leaflet No. 200/EE. A 






Servograph used with signal drift recorder 
to check drift of a Marconi Instruments 
F.M./A.M. Signal Generator. 











The Fielden Servograph is used extensively 
in conjunction with Smoke Density, 
CO,, pH, Voltage or Current, Con- 
ductivity. 








FIELDEN ELECTRONICS LTD. « WYTHENSHAWE + MANCHESTER 


Fielden. Tel.: Wythenshawe 3251 (4 lines) 











A U TOMATION Branch Offices: London, Birmingham, Newcastle-upon-Tyne, Stockton-on-Tees and Cardiff. 
Scotland: 3A, St. Vincent Street, Edinburgh, 3. N. Ireland: 11 Middlepath Street, Belfast. 
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SITUATIONS VACANT (Cont'd.) 





SENIOR MECHANICAL DESIGNERS are 
required by Pye Limited of Cambridge for work 
on Television Receivers. Applications from 
specialists in this field will be very favourably 
considered for positions of responsibility. Please 
write with brief details of qualifications and ex- 
perience to Chief Engineer, quoting ‘‘S.M.D.’ 
W 4900 


SENIOR TELEVISION ENGINEERS required 
by Pye Limited of Cambridge for responsible 
positions on the design and development of 1. 
Medium and high power T/V transmitters. 2 
T/V terminal equipment, including camera chains, 
sync pulse generators, monitors and telecine. 3. 
T/V receivers. T/V experience is desirable, but 
otherwise suitable applicants with several years’ 
development experience in electronics will be 
considered. Good salaries will be paid, commen- 
surate with qualifications and experience. Appli- 
cations should be addressed to Chief Engineers, 
Pye Limited. St. Andrew's Road, Cambridge, 
quoting “‘STE."’ W 4859 


SUNVIC CONTROLS LTD. require an Electronic 
Test Engineer for interesting work on Nucleonic 
Equipment. Qualifications: H.N.C. or equivalent; 
preference will be given to applicants with ex- 
perience in Pulse Techniques. Housing available 
if required. Write giving full details of experience, 
salary required, etc., to Mr. C. Davis, Works 
Superintendent, Sunvic Controls Beé:, We. 1 
Factory, Temple Fields, Harlow, Essex. W 4926 


TECHNICAL ASSISTANT required for Labora- 
tory engaged in life and experimental testing of 


Aircraft Relay Switchgear. Appticants should 
be 21 or over having completed National 
Service. Similar experience preferred but not 
essential. Contributory Pension and Life Assur- 


ance Fund. 5-day week. Apply quoting refer- 
ence B.8874, Employment Department, Ferguson 
Radio Corporation, Gt. Cambridge Road. 
Enfield. W 4912 


TECHNICAL LIAISON OFFICER required by 
modern company situated on Surrey /Hampshire 
border. Duties include liaison with Government 
Establishments and other firms, supervision of 
final assembly and testing and Preparation of 


reports. Applicants should have experience of 
mechanical and electronic engineering, be con- 
versant with Contract Procedure, and be pre- 


pared to travel within the United Kingdom. Write 
yr ae experience and qualifications. Box No. 


TECHNICAL ASSISTANT with knowledge of 
relay and electronic circuits required for interest- 
ing and varied design work on Automatic Tele- 
phone equipment. Applicant must be able to write 
Technical Descriptions. Good salary offered to 
right man. Please apply by letter to Autophone 
Ltd., 539 Wandsworth Road, S.W.8. W 1692 
TECHNIC AL SALES Representative required by 
leading manufacturer of electronic components. 
Applicants must have thorough knowledge of 
modern circuitry, and owm a reasonably modern 
car. Remuneration by straight salary, plus ex- 
penses. Pension scheme. Write full details and 
salary required, Box No. W 4921 


THE MULLARD RADIO VALVE CO. LTD., 
Waddon, Surrey (near Croydon Airport). An 
Opportunity exists for a man of graduate 
standard to assist in the running of a depart- 
ment responsible for the quality of the output of 
factory producing transmitting and microwave 
valves. Some experience of transmitting or radar 
valves and their use, would be an advantage. 
The job will involve planning and supervising the 
work of a small group of technical staff. The 
commencing salary will be according to age, 
qualifications and experience. There is a Pension 


Scheme and long service benefits. Write giving 
full details to: The Personnel Officer, The 
Mullard Radio Valve Co. Ltd., Queensway, 
Waddon, Surrey W 4874 


VALVE PHYSICISTS AND ENGINEERS re- 
quired for design and development work on cold 
cathode tubes and thermionic valves. A Science 
Degree or equivalent qualifications, together with 
at least two years’ experience, would be desirable. 
Applicants must have completed National Service, 
or be exempt. The positions are permanent and 
offer opportunities for a progressive career. 
Attractive salaries according to experience and 
ability. The Company operates a Staff Pension 
Scheme. Please write giving fu!l details. which will 
be treated in strict confidence, quoting reference 


No. LK’! to the Personnel Officer. Ericsson 
Telephones Limited, Beeston, Nottingham. 
W 4882 
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TEST ENGINEER required by modern company 
situated on Surrey/Hampshire border. Duties 
entail taking charge of Test Room and to carry 
out testing of specialised products of a mechani- 
cal and electronic nature. Applicants should have 
Degree or H.N.C. in Mechanical or Electrical 
Engineering. Experience in Climatic and/or 
vibration testing of materials and products or 
high voltage engineering would be an asset. Write 
stating age, experience and qualifications. Box 
No. W 4886. 


TRANSFORMER DEVELOPMENT. A _ Junior 
Development Engineer is required to assist in 
the design and development of coils and small 
transformers for use on domestic radio and tele- 
vision receivers and other electronic equipment. 
A sound technical background is essential together 
with an interest in the economical aspects of 
design and development. Some experience is 
desirable but not essential. Applicants should 
write, quoting (Ref. TD) and giving details of 
experience and qualifications to the Personnel 
Manager, The General Electric Co. Ltd., Radio 
and Television Works, Spon Street, Coventry. 
W 4939 


WELL-ESTABLISHED electronic and instrument 
organization in the ome Counties, now intro- 
ducing an ingenious and flexible automatic public 
address announcer, require live, established 
agents with full facilities for selling, installing and 
servicing in various areas of the country. Box No. 
W 4895. 


ULTRA ELECTRIC LTD., Western Avenue, 
Acton, W.3, require: Test Equipment Develop- 
ment Engineers for their permanent Engineering 
staff. The positions are permanent for suitably 
qualified men. Pensions Scheme. (a) Senior 
Engineers for design and development of test 
equipment for servo and electronic equipment 
H.N.C. standard. (b) Junior Engineers for thi; 
work: should be of O.N.C. standard. (c) Mech- 
anical Engineer for mechanical work on Test 
Equipment associated with electronic and servo 
projects. (d) Laboratory Assistants for junior posi- 
tions offering scope for advancement. Please 
write fully in confidence to the Personnel Mana- 
ger, stating age, qualifications, experience and 
salary desired. W 4879 





SERVICE 





CAPACITY AVAILABLE for manufacture of 


electronic and _ telecommunication equipment. 
Highly qualified technical staff able to do 
development work. Short runs acceptable. Box 
W 1687 


CAPACITY AVAILABLE. Vacuum _ Varnish 
Impregnation to RCS 214.H2 Quick service, in- 
quiries welcomed. Andec Ltd., Gosbrook ean: 
Caversham, Reading. 71763. 4861 


DESIGN OFFICE CAPACITY available for 
Mechanical and Production Engineering, Special 
Machines and Projects. Norris Brothers Ltd., 53 
Victoria Street, London, S.W.1. Tel. Abbey 5444 

) 1454 


ENGINEERING DESIGN CONSULTANTS, 
Triumph House, 189 Regent Street, W.1 
Designers of Electromechanical links between 
electronics and the machine, in ae 

1681 


ENGRAVING. Dials, Labels, Plates, etc., in 
metal or plastics. Also Fabricating in Perspex. 





Grover. 125 Higher Drive, Banstead, Surrey. 

Tele. No. EWEIl 5136 W 325 

P.T.F.E., POLYSTERENE, MOULDING— 

MACHINING, A.I.D. approved. Bel Sound 

Products Co., Marlborough Yard, N.19. Tel. 

ARC 5078. W 219 
FOR SALE 





DESKS, CHAIRS, Plan Chests, Fling Cabinets. 
General Office and Canteen Furniture. Lists from 
Contract Dept., S. Simons & Sons Ltd. (Est. 
1870), Howland Mews East, London, W.!1. MUS 
8143. W 1699 


ELECTRONIC ENGINEER for sale from Jany. 
ary 1950 to September 1956 less September 195) 
£7 10s. carriage paid. Taylor, 22 Edward Road. 
Quinton, Birmingham, 32. W 1685 


ELECTRICAL SAFETY! PORTAWAY Earth. 
Continuity and Bonding System full of outsta 
advantages. Being increasingly : specified and used 


by those who ‘“ know.’ Good delivery. Ip. 
quiries to Portaway, 2 North Park Road, Harro. 
gate. Ph. 3853. W3n 


ELGAR SILVER PRODUCTS. Full range of 
silver preparations for silvered condenser many. 


facturers and other ce tre in electronics, 
Elgar Laboratories (Elgar Trading Ltd.), 2 
High Street, London, N.W.10. W304 


GUARANTEED MAGSLIPS at low prices. 3 jp 
Resolver No. 5 (AP 10861), S0v, 50c/s. Unused 
each in tin, 35s. post 2s. Id. Large stocks of 
these and other types.—P. B. Crawshay, 94 Pix. 
more Way, Letchworth, Herts. Tel.: 1851 


W 321 
LIBERTY ENGINEERING SUPPLIES LTD, 
of Colliers Wood High Street, S.W.19. Tele. 


LiBerty 6644, hold large stocks of Standard 
B.A. Nuts in both Brass and Steel. Can also 
give good delivery and prices for specials. W 1618 


MAGSLIPS, SELSYNS and many other items 
connected with automatic and remote control 
mechanisms are marketed by Servo & Electronic 
Sales Ltd. Brochure available on request. See 
our display advertisement on p. 138 W 2 


PANL, the air-drying black crackle paint. 3s. 64, 
per $ pt. G. A. Miller, 8 Kenton Park Crescent, 
Kenton, Middlesex. W 32 


SILICA interchangeable joints and __ polished 
silica discs ex-stock from Jencons (Scientific) 
Ltd., Mark Road, Hemel Hempstead, Herts. 
Boxmoor 4641. W 4808 





EDUCATIONAL 





CITY AND GUILDS (Electrical, etc.) on ‘‘NO 
PASS—NO FEE”’ terms. Over 95 per cent suc- 
cesses. For full details of modern courses in 
all branches of Electrical Technology send for 
our 144-page handbook—FREE and post free. 
B.I.E.T. (Dept. 337c), 20 Wright’s Lane, a 
W.8. 


FREE! BROCHURE giving details of course in 
Electrical Engineering and Electronics, covering 
A.M.Brit.1.R.E., City and Guilds, etc. Moderate 
fees. Write to E.M.I. Institutes, Dept. EE29, 
London, W.4, (Associated with H.M.V.). W 3810 


THE POLYTECHNIC, Regent Street, W.1, 
Department of Mathematics and Physics. The 
following series of lectures will be held on Tues- 
days from 7-8.30 p.m. commencing on 8 
January 1957. The Physics of Semiconductors, 
commencing 8th January 1957. Semiconductor 
Circuit Elements, commencing 26th February 
1957. Apptication for prospectuses and enrolment 
forms should be made to the Director of Educa- 
tion as soon as possible. W 4870 


T.V. AND RADIO—A.M.Brit. LR.E., City & 
Guilds, R.T.E.B. Certificate, etc., on ‘‘No Pass 

—No Fee’’ terms. Over per cent successes. 
Details of Examinations and Home _ Training 
Courses in all branches of Radio and T.V. Write 
for 144-page handbook—Free. B.1.E.T. (Dept. 
337H), 29 Wright’s Lane, London, W.8. W 187 





WANTED 





COPIES of Electronic Engineering January to 
December 1955. is. each. Box No. W 329. 





PATENTS 





NOTICE is hereby given that Electric and Musical 
Industries Limited seeks leave to amend the 
Complete gee m. the Application for 
Letters Patent No. 12 for an_ invention 
entitled 5 g *-- to band-pass 
circuit arrangements.’’ Particulars of the proposed 
amendments were set forth in the Official Journal 
(Patents), No. 3,535 dated 14 November, 1956. 
Any person may give Notice of Opposition to the 
amendment by leaving Patents Form No. 36 at 
the Patent Office, 25 Southampton Buildings, 
London, W.C.2, on or before 14 December, 
1956. J. L. Girling, Comptroller-General.W 1698. 


PATENT LICENSING. London firm. actively 
engaged on Continent, experienced negotiating 
administering licensing contracts, seeks sources 
industrial patents for manufacture Germany/ 
Italy/Canada. Write Box W 4821. 
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DISPLAY CLASSIFIED ADVERTISEMENTS 
ee 









TWO NEW PROJECTS 


.... have created 
challenging opportunities to qualified men who wish to advance their 
professional careers in the fields of industrial and nucleonic instrumen- 
tation, electronic switching and data processing. 

This stimulating work offers excellent scope for individual development 
within two expanding divisions in our progressive laboratories. 

If you are the man we want, an attractive salary (backed by the security 
of a fifty-odd years young organization) awaits you. All posts are pen- 
sionable and sympathetic consideration will be given in cases of housing 
difficulty. 



















aiff 


DIVISION E (Ref. L/E) 


ELECTRONIC SWITCHING AND DATA PROCESSING 

A major development, which it is expected within a few 

years to lead to large scale production, requires :— 

1. Senior Engineer to study new production processes and 
techniques. 

2. Assistants to the above post. 

3. All grades of Circuit Engineers, preferably with some know- 

ledge of computer techniques. 

. Mechanical Design and Layout Engineers. 

5. Senior and Junior Draughtsmen 

for Electronic Equipment layout. 






































DIVISION H (Ref. L/H) 
INDUSTRIAL AND NUCLEONIG INSTRUMENTATION 


A new division created to engage in Industrial and Nu- 
cleonic process control requires :— 
. Senior and Junior Electronic Circuit Engineers. 
. Senior Engineer to lead existing groups engaged in mechanical 
design and layout of Electronic Apparatus. 
. Senior and Junior Draughtsmen for Electronic Equipment layout. 






















N— 


IF YOU ARE INTERESTED IN 
A SECURE FUTURE 

Apply, quoting reference, giving details of 
training and experience, some indication of 
present duties and salary level required to:— 


THE PERSONNEL OFFICER 


ERICSSON TELEPHONES LIMITED 


BEESTON, NOTTINGHAM - Telephone; BEESTON 25.4831 es 
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DOWTY NUCLEONICS 
have the following vacancies 


at 


BROCKHAMPTON PARK, ANDOVERSFORD, 
GLOS. 


The work is interesting and offers good prospects in excellent 
countryside working conditions, which include assisted 
house purchase and a realistic pension scheme. The Com- 


pany, which is expanding rapidly, is a member of the Dowty 
Group. 


Applicants should send full particulars to the Technical 
Director. 


DESIGNER to undertake the initial design of a wide 
range of mechanical and electro-mechanical equipment 
for industrial and nuclear applications, including the 
mechanical development of instrumentation schemes 
for nuclear reactors. Applicants should be of H.N.C. 
standard and should have had some years design 
experience. 


ELECTRONIC ENGINEER of degree standard to 
design valve and transistor circuits for industrial and 
nuclear instruments. Applicants fshould preferably 
have had responsible experience in circuit design. 





MURPHY RADIO LIMITED 
ELECTRONICS DIVISION 


VACANCIES exist in an expanding laboratory for 


Senior and Junior Engineers and for Draughtsmen 
in the following fields :— 





TRANSISTOR circuit design and engineering 
applications to communication and pulse systems, 


V.H.F. and U.H.F. transmitters and receivers for 
use in NAVIGATIONAL AIDS, MOBILE COM- 
MUNICATION SYSTEMS and RADIO TELE- 
PHONE LINKS. 


AERIAL DEVELOPMENT in connection with 
the above. 


TELEMETRY EQUIPMENT design in collabora- 
tion with the Ministry of Supply. 


Posts are pensionable, Sports Club and other 
recreational facilities are available. 


Applications should be addressed to:— 


Personnel Department (E.14), 


MURPHY RADIO LIMITED 
Welwyn Garden City. 








SIR W. G. ARMSTRONG WHITWORTH 
AIRCRAFT LIMITED 





ARMAMENTS DIVISION 





A 


SENIOR ENGINEER 


is required for work on Analogue Computers. 
Applicants should have a degree in electrical or 
mechanical engineering, and be thoroughly con- 
versant with the theory of analogue computing. 
In addition a number of year’s experience 
covering the design and use of computers of this 
type is required. 


This is a senior position of considerable interest 
and responsibility, and it will offer ample scope to 
an Engineer well versed in the theory and practice of 
this type of work. 


An attractive salary will be payable and a 
generous pension scheme is in operation. 


All applications will be treated in the strictest 
confidence and you are invited to apply to:— 


Technical Appointments Officer, 

Sir W. G. Armstrong Whitworth Aircraft Limited 
Baginton, Nr. Coventry. 

Quoting reference: Comp/6 





S 
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DESIGN - DRAUGHTSMEN required 
for the Electronics Design Staff of an 


expanding organisation in the Glasgow 


area. Excellent modern conditions. 


Salary in accordance with qualifications, 
age and experience.—Write 2503, Wm. 
Porteous & Co., Glasgow. 














DIGITAL COMPUTORS 


The English Electric Company’s Computer Group has positions available 
for a number of Senior Engineers to undertake research and development 
necessitated by the Company’s rapidly expanding activities in the field of 
digital computation. 


Consideration, will be given to applicants with at least three years develop- 
ment experience in pulse circuitry as applied to Radar or computation and 
who should be of Degree or H.N.C. standard or equivalent. Specialist 


experience on either magnetic tape or transistor applications would be an 
advantage. 


Starting salary range up to £1,200 per annum, dependent upon experience 
and qualifications. 


Positions are available in both Stafford and South Cheshire; houses 
being available. 


Reply to Central Personnel Services, 336/7 Strand, W.C.2. quoting Ref. 
EE 306A. 
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VICKERS GROUP 
RESEARCH ESTABLISHMENT 


for 
nen 


Applications are invited for the following appointments: 


ing 
ts PHYSICISTS, ENGINEERS, 
~ MATHEMATICIANS, CHEMISTS 


The necessary basic qualifications are a good honours degree, or its equivalent, and an 
aptitude for research and development work. The range of problem likely to be attacked is wide. 
In this instance, expertise in and familiarity with modern electronic techniques would be an 
advantage, but considerably more importance is attached to a sound training for and the correct 
attitude towards research and development work. 


There are several relatively senior and a number of intermediate and junior posts available. 
For other than the junior posts some research and development experience is necessary. 


DESIGNERS 


Basic qualifications—a sound training in mechanical engineering, appreciation and some 
experience of practice in at least one field such as, for example, electrical, hydraulic or electronic 
engineering, together with a flair for the design of both laboratory and engineering prototypes. 
A degree would be an advantage but is not essential. 





DRAUGHTSMEN 
LABORATORY CRAFTSMEN 


Basic qualifications—a number of years’ experience in work on light electrical and fine 
mechanisms. 

Applicants should have or desire to obtain experience in work in the closest association with 
research and development laboratories. The work is of a non-repetitive nature and calls for 
a high degree of skill and patience. 








This new establishment serves the whole of the Vickers Group and is situated on the premises 
of the Vickers-Armstrongs (Aircraft) Ltd., at Weybridge, Surrey. It carries out research and 
development in fields appropriate to the business and trains personnel: for work in the various 
parts of the Vickers Group. Among the activities of the latter are specialised and general 
engineering, shipbuilding, aircraft, guided weapons, optics, plastics, nuclear and electronic 
engineering. 

The working conditions are those to be expected in a research establishment. Salaries and 
wages are commensurate with ability and experience. 


Applicants should send a brief account of their qualifications and experience to: 


VICKERS GROUP RESEARCH ESTABLISHMENT, 


BROOKLANDS ROAD, WEYBRIDGE, SURREY 
Quoting reference EO/W. 
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MAGNETIC AMPLIFIERS 
SERVO MECHANISMS 


Two vacancies exist in the Research Department of 
‘SHORTS’ for Development Engineers, one to work on 
Magnetic Amplifiers for automatic pilots and stabilisers; 
the other for work on electro-hydraulic servos for 
aircraft and missile control systems. 


Applicants for either appointment should possess a 
degree, or equivalent and have several years’ experience 
in the relevant field of engineering development, and 
must be capable of accepting full responsibility for the 
design and construction of such components and 
equipment. 


Housing assistance and generous removal allowance 
will be available from Great Britain for the successful 
married candidate. 


Application with full personal data should be made to 
the :— 


Staff Appointments Officer, 
SHORT BROTHERS & HARLAND LIMITED, 
P.O. Box 241, BELFAST, Quoting S.A.186. 








WANTED 


engineers with ideas 


Felgate Radio Ltd. would be glad to hear from 
ENGINEERS WITH IDEAS for the develop- 
ment of original electronic equipment. The 
Company would be prepared to offer such 
engineers employment, to enable them to develop 
their designs in its laboratory with a view to pro- 
ducing the equipment in its works. Any patents 
would be taken jointly by the inventor and the 
Company. All answers to this advertisement will 
be treated in complete confidence. Apply to 
the Managing Director, Felgate Radio Ltd., 
Felgate House, Studland Street, Hammer- 
smith, London, W.6. 








SENIOR & JUNIOR 
ELECTRONIC ENGINEER 
& DESIGN DRAUGHTSMAN 


required for Industrial Data-Handling and Data Reduction 
Equipment development and design. Intensely interesting 
field with an enormous future offers a unique opportunity for 
men capable of original thought and initiative, and having 
good all-round engineering education. Experience in 
control problems, servo techniques and/or digital and relay- 
switching methods would be an advantage. Please write 
giving details of qualifications and experience to Personnel 
Officer, Panellit Ltd., Century Works, Lewisham. S.E.13 














SENIOR MICROWAVE 
ENGINEER 


with degree in Engineering or Physics and 
several years’ experience in Microwave 
Techniques is required for interesting projects. 
Housing accommodation available if required. 


Please apply stating qualifications and experience to 
The Managing Director (E), Barr & Stroud 


Limited, Anniesland, Glasgow, W.3, quoting 
reference 166/T-16. 








STRESS ENGINEER 


Ferranti Limited, Edinburgh, have a vacancy for a Stress 
Engineer for work in connection with (a) the installation of 
experimental equipment in aircraft, and (b) airborne equip- 
ment. Applicant should possess a degree or equivalent 
and should have experience in either of these branches 
of stressing. Interesting work offering good prospects. 
Staff Pension Scheme. Apply giving full details of trainin 
and experience to the:— 


Personnel Officer, Ferranti Limited, 
Ferry Road, Edinburgh, 5 
quoting Ref. SE/DDO/23 











LABGEAR (CAMBRIDGE) LTD. 
Willow Place, Cambridge 


require a 
CHIEF ENGINEER 


for their Wire Wound Resistor Division. This is a 
permanent and progressive post of considerable 
responsibility, requiring a man of substantial 
ability and experience in this specialised field. 
All applications which will be treated in strictest 
confidence should be addressed to the Technical 
Director. 
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DISPLAY CLASSIFIED ADVERTISEMENTS (Cont'd) 











AERODYNAMICIST 
Engineering Degree or H.N.C. Some 
knowledge of either performances 
response and stability or control 
systems. 


ADMINISTRATIVE ENGINEERS 
To work with Project teams in 
maintaining expenditure and progress 
records. For work in_ preparing 
technical proposals and Bid estimates. 


TECHNICAL ASSISTANTS 

(a) Experience in design of small trans- 
formers as used in electronic circuits or 
power supply units used in electronic 
equipment. 

(b) Degree in electrical or electronic 
engineering. H.N.C. (Elec.) O.N.C. or 
suitable services experience of elec- 
tronics and/or servo mechanisms. 

(c) Experience in aircraft engineering, 
either in industry, services or Airlines. 
Preferably with Engineering Degree, 
H.N.C. or InterB.Sc. 


TECHNICAL CLERKS 
Retired service officer or the like might 
be suitable. 


Apply Personnel Manager, 


AIR TRAINERS LIMITED 
Bicester Road Aylesbury, Bucks. 






COMMONWEALTH OF AUSTRALIA 
DEPARTMENT OF SUPPLY 
DEFENCE STANDARDS LABORATORIES 

ELECTRICAL MEASUREMENTS 

MARIBYRNONG, VICTORIA 
Applications are invited for a temporary position of 
SCIENTIFIC OFFICER, GRADE 3 
at the above Laboratories. 


SALARY: £1,692/1,912 per annum. 

DUTIES: Research into electrical measuring methods 
using D.C. and A.C. at power, audio and radio fre- 
quencies, and/or into dielectric materials and electrical 
components. The appointee will work in a well equipped 
electrical laboratory housed with other physical lab- 
oratories. He will be expected to initiate his own work 
under guidance from a senior officer. 

QUALIFICATIONS: First Class Honours Degree in 
physics or electrical engineering with several years 
research experience in an appropriate field. 

The salary quoted is in Australian currency. 

CONDITIONS: Whilst the position is a temporary one, 
the tenure of employment is not limited. Under specified 
conditions, first class boat fare (if first class berth is 
available) for the appointee and dependants (wife and 
dependent children) will be paid by the’?Commonwealth. 


Application forms obtainable from the 
Senior Representative (AP.71), 
Department of Supply, 
Australia House, 
Strand, 
LONDON, W.C.2 
with whom applications — lodged by 15th December, 














DESIGN - DRAUGHTSMAN required 
for the Development of Electro- 
Mechanical Equipment. Applications 
are invited from men with H.N.C. or 
equivalent. Salary in accordance with 
age and experience.—Write 2504. Wm. 


Porteous & Co., Glasgow. 























—— ELECTRONICS—— 


APPLIED TO INDUSTRY 


The many new applications of electronics makes it vitally 
necessary for all in Industry to have a sound working 
knowledge of this subject. We offer a new Self study 
course intended to teach the main principles of electronics 
and its chief industrial applications. 


Send for Free Brochure to: 
E.M.1. INSTITUTES, Dept. E.I11, London, W.4 
(The educaticnal organisation of the E.M.I. Group of Companies 


which include “HIS MASTER’S VOICE”, MARCONIPHONE, ETC.) 
1C.53 








TELECOMMUNICATION 
ENGINEERS 


The Transmission Division, which designs and 
manufactures all types of Line Transmission 
Equipment, offers progressive careers to: 


ENGINEERING INSPECTORS, to inspect at all 
stages of manufacture, and to ensure that the 
equipment, drawings, and operating bulletins are 
in accordance with the requirements of the various 
contracts. 


SYSTEM TESTERS. Experienced men for senior 
posts in the final functioning of complete systems. 


TECHNICAL WRITERS, for the preparation of 
operating bulletins and similar publications for 
field use by customers. The work will appeal to the 
man who wishes to work on his own initiative after 
a period of training. 


The Company is located on Merseyside and the 
positions are on the permanent staff with generous 
Pension Fund (contributory), and full range of 
welfare activities, including medical and dental 
facilities. Assistance will be given with housing 
and with removal expenses. 


Please write to the Personnel Manager, 
A. T. & E. Co. Ltd., 
Strowger Works, Liverpool, 7. 


giving full details of age, experience, qualifications, 
etc. 
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The English Electric Valve Company, 
Chelmsford, 


have vacancies on their technical staff for engineers and 
physicists for research, development and production 
of the following devices :— 


TRANSMITTING VALVES for communica- 
tions, broadcasting and industrial purposes. 


MAGNETRONS, KLYSTRONS and 
THYRATRONS for radar equipment. 


TRAVELLING WAVE TUBES. 
TELEVISION camera tubes. 
TRANSISTORS and other semi-conductors. 
MICROWAVE TEST equipment. 


Interesting work. Attractive salaries. Non-contributory 
superannuation. 


The Company will assist successful candidates to obtain 
accommodation. 


Please write to Dept. C.P.S., 336/7, Strand, W.C.2. 
quoting Ref. EE1S06E. 
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CINEMA-TELEVISION Ltd. 


REQUIRE 


JUNIOR 
Electronic Engineers 


to assist in the production and testing of Monochrome and Colour 
Television Tri t of the highest grade. Applicants 
should possess a sound fundamental knowledge of radio and television 
practice and be capable of using general laboratory test equipment on 
own initiative. National, C. & G. or similar qualifications an advantage, 
but comprehensive practical experience may be acceptable. 

™ 5-day week. %* Pension Sch *c * | min. Bus 
and Rail Services. 

Write, with full particulars of age, experience and salary required to 
CINEMA-TELEVISION LIMITED, Worsley Bridge Road, Lower Sydenham 
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67 CLERKENWELL ROAD, E.C.1 
NEWLY ERECTED OFFICE BUILDING 


(with warehouse accomodation) 


Ready by January 1957 
Comprising approximately 


23,000 SQ. FT. 


LIFT, CENTRAL HEATING, LOADING BAY 
ETC. RENT 12/6 PER SQ. FT. 


Details from sole agents 
DE GROOT & CO. 
44, Bedford Row, W.C.1. 
Telephone: Chancery 6236 (5 lines) 
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Opportunities 


IN 


ELECTRONIC COMPUTING 


The British Tabulating Machine Company, Ltd., 
manufacturers of the Hollerith range of electronic data 
processing machines, electronic calculators and com- 
puters, is expanding its activities and has an increasing 


demand for skilled staff. 


First-class men are required as Team Leaders. 
Applicants without previous computer experience will 
be trained by being seconded to an existing team, and 


then selected for appointment as Team Leader. 


In addition to the above vacancies, Junior Engineers 


are invited to apply for positions in the team. 


The Electronics Research Laboratories are housed 
in a spacious modern factory at Stevenage, Herts. 


Facilities include Pension Fund, Sick Pay, 


Further Education arrangements. Assistance with 
housing can be given. Applications or inquiries should 
be addressed to the Personnel Superintendent at 


Letchworth, Herts, quoting Reference EE/19. 








and 
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Engineers, 
Physicists and 
Technical 
Assistants 


Required for interesting work on special types of 
transmitting and receiving radio valves including 
microwave valves. Minimum qualifications O.N.C. 
or Inter—for more Senior appointments B.Sc. or 
H.N.C. necessary. Experience is desirable but not 
essential since training will be available for success- 
ful candidates who have not previously worked in 


this field. There are good opportunities 
advancement in this branch of electronics. 


* Quote TES/2 Personnel Dept. 


The M.O. VALVE CO. Ltd. 


BROOK GREEN, HAMMERSMITH, W.6. 


Manufacturers of valves for G.E.C. 
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These are the transformers which have proved their 
worth in a wide variety of apparatus. Although the 


To Ev ery price is low they are dimensionally interchangeable with 


Joint Service approved types and achieve a high standard 


Transformer of humidity resistance. A useful range of windings is 


available for delivery ‘off the shelf.” 


Problem May we send you details of this versatile Cadet series 
h + .and our Stock Range List? 
there 1s @ 


Gresham 








Answer 
TRANSFORMERS LTD 
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TWICKENHAM ROAD, HANWORTH, MIDDX. Telephone: FELtham 2271! 








A FURTHER DEVELOPMENT IN VIBRATION TESTING TECHNIQUE 














j 
3000 1b dyna 


* 
* Vibration testing of heavy and bulky 
objects is a problem that can now be more 
a easily undertaken with this latest addition 
* to our range of vibration generators. 
The integral construction of the moving coil and mounting table of the 
* V.G.108 permits a more faithful frequency response than is possible by other 
* methods. The table is 16)” diameter and the machined Tee slots allow for 
adjusting the position of fixing bolts, so that irregular objects can be 
* firmly clamped. 
* When driven by a 10kW amplifier, forces up to + 3,000 Ib. can be generated 
* and accelerations in excess of 50g. have been achieved. 
* 
* 
* 


If you have a vibration problem — involving the application of 
dynamic forces with accurate control of frequency and amplitude—consult 
Goodmans first. 


Write for full details to “Vibration Dept. E”’ 





ODOMANS INOUSTRIES LIMITED - AXIOM WORKS WEMBLEY MIDDX - Tel: WEMbley 1200 (8 lines) 
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When he’s 200 miles away the jet 
fighter pilot can start homing on his 
Rebecca 8 airborne equipment, used with the 
Eureka Mk. 7 beacon. Then, within twenty miles 

trom the airfield, he can switch his 
Rebecca to BABS 4—the new Murphy 


blind approach beacon—and he'll come out 


‘ right above the end of the runway. 
he BABS 4 is supplied complete with its own prefabricated 
~ and air-conditioned building, and the whole 
*~ installation can be broken down for air transport. 
Once the beacon is connected to a mains \ 
supply it works entirely without attention; \ 

a monitoring system keeps a constant check \ 

on the accuracy of the beam. BABS 4 was 
jointly developed and is manufactured \ 


by Murphy Radio and the Swedish 


Philips Company, Stockholm. 





fho'og-aphs by courtesy of *FLIGHt 


. 
keep in touch WI [ h murphy ) Aircraft navigation equipment 
Communications receivers 
Distance measuring equipment 
Electronic test gear 


Interference tracing equipment 


Mobile radio telephones 


MURPHY RADIO LIMITED (ELECTRONICS DIVISION) * WELWYN GARDEN CITY * HERTFORDSHIRE 
CRC 268 
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oe Type R2 This powerful hand-operated press is speedy and 
simple to operate. With 12 punch stations it will handle an 
exceptionally wide range of work, and is essential for the 


efficient production of short-run jobs. 





Type R4 (with optional standard gauge attachment) . 
The deep throat of the Model R4 enables an even wider 
range of work to be handled. Round, square, rectangular 
or shaped holes produced with equal ease. Turrets 


rotate freely to the desired station and are positively 


indexed and locked. 


SPECIFICATIONS R2 

Throat depth 

No. of punch stations 

Max. punch diameter... ... ... «.. 2}” 

Punching capacity: 2}” dia. in 4” thick mild steel Early 


1” ” 
I 4 ” ” $ ” » ” 


fx at % ws mp Delivery 


Also available are various power-operated models up to 80 tons pressure capacity 


BRITISH BUILT TO THE ORDER OF :— 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 


Telephone WESTERN 8077 (8 lines) Telegrams. ACCURATOOL HAMMER LONDON 
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RIVLIN PRECISION WIREWOUND _ RESISTORS 
are designed for use where the highest standard 
of performance is essential. Constructed from the 
finest available materials, and carefully processed 
during manufacture, they are particularly suitable 
for applications demanding high accuracy, com- 
bined with extreme stability. 








An overall coating of Polythene provides 
protection against the effects of temperature and 
humidity. 


% Accuracy up to 0.1 per cent or +0.012 
whichever is the greater. 


All values are available in the range of 0.1 2 
to 50,000 2, with a temperature coefficient of 
0.002 per cent per °C., and up to 1M 2 with 
a temperature coefficient of 0.02 per cent 


per °C. 
Ratings: }W, 4W, and IW. 


Low-Inductance windings available in most 
sizes. 


Special types and American equivalents to 
order. 


% Rapid delivery of samples and small quantities. 


exo Oemuseeaiveleieee FeSIStOrs by RIVUN 


Rivlin Instruments Limited 

YORKTOWN INDUSTRIAL ESTATE, DOMAN 
ROAD, CAMBERLEY SURREY: CAMBERLEY 2507/8 
London Office: Tel: Swiss Cottage 3038 
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Automation is here—immense power at finger tip control. 
All dependent at some stage on a contact performing its especial 
duty. The Sheffield Smelting Co. Limited, pre-eminent in the 
field of precious metals for nearly 200 years has developed the 
“Thessco’ and ‘“Thessconite’ ranges of contacts and contact 
assemblies to meet the demands of modern industry. From 
micro-switches to circuit breakers, we can supply the right 
contact for the job. 

Write for our fully descriptive leaflet, or ask for a 
member of our technical advisory staff to call and discuss your 
particular problem. 





Wrought metal contacts. 


oolrnatl 


Sintered metals. 


SHEPPLIELD SMELTING 
ompany Limited 
HEAD OFFICE AND WORKS: ROYDS MILL STREET, SHEFFIELD, 4. 
also in LONDON and BIRMINGHAM. 
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Specially designed for use in 
domestic Radio & Television 
receivers, these miniature rec- 
tifier stacks have an established 
position with manufacturers to 
whom reliability, small dimen- 
sions and low costs are impor- 
tant. 




















TYPE RMO RMI RM2 RM3 RM4 *RMS 








Maximum ambient temperature | 35°C 55°C | 35°C 55°C | 35°C S5°C | 35°C SS°C | 40°C SS5°C | 40°C 55°C 
Maximum output current (mean) | 30mA 15mA | 60mA 30mA | 100mA 60mA| 120mA 90mA | 250mA 125mA | 300mA - a 














Maximum input voltage (r.m.s.) 125V 125V 125V 125V 250V | 250 
Maximum peak inverse voltage 350V 350V 350V 350V 700V 700V 
Max. Instantaneous peak current Uni d Uni d Untimited Unlimited Unlimited Unlimited 
WE oecens ns Jak 0.82 oz. 1 oz. 1.4 oz. 2 oz. 4.5 oz. 4.75 oz. 


* For use in voltaze doubler circuits the peak inverse and maximum input voltages are halved, current output being as for half wave operation 





@ Instant starting — no warming-up period 
@ Unlimited instantaneous overioad 


@ No limit to size of reservoir capacitor 





@ Simple mounting — no valve holder 


@ Withstand overioads such as charging 
current of de-formed electrolytic capacitors 


@ Low heat dissipation 





@ Practically indestructible in service 
@ Simple wiring — two connectors only 
@ Small size... low weight 


@ Low cost 


| al - RECTIFIERS 














Standard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London, W.C.2 


RECTIFIER DIVISION: EDINBURGH WAY - HARLOW - ESSEX 
Telephone : Harlow 26811 Telegrams : SenTerCel, Harlow, Essex 
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The L.F.51 with wooden ends, 
removable for use in the 19 in. 
rack. 


@ VOLTAGE 150 volts to less than 1 mV. peak to peak. 

@ LOAD current up to 5 mA. peak. 

@ 4 internal stabilised supplies, to maintain frequency and amplitude calibration. 
@ Plug-in construction for ease of servicing and compactness. 

@ Special synchronising circuit to trigger CRO etc. in advance of output wave. 
@ Decade frequency setting. 


@ Balanced (reversing) output. 


Servomex Controls Limited + Crowborough Hill + Jarvis Brook + Sussex + Crowborough i 
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laveform Generator type LF 51 


for testing Servos & Process Controllers 
for driving Analogue Computers 


@ SINEWAVES (500 C/s down to 1 cycle every 33 minutes). 

@ SQUARE WAVES AND PULSES 100zS to 1,000 secs. (rise time 5S). 

@ RAMPS (lasting 1 millisecond to 1,000 seconds). 

@ Single or repeated pulses of square, triangular, sawtooth, cosine, or trapezium shape. 


@ With modification of 1 unit, a variety of non-standard shapes can be simulated 
in either single transitions or pulses, e.g. sine squared. 


It is not possible to show all the available wave forms. 





|. Selector switch at ‘CONTINUOUS" _JS LIL A/V MW SN pe) OE) Me | ag tl i i 


2. Selector switch at “SINGLE” 


- a step 
with continuously variable slope ee a 


Selector switch at “DOUBLE” - a single 


, isolated pulse in. eight different forms oy ie © oe ATV a ¥ v FV 

















One of the six plug-in units. 





SER VOM EX 
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improved xenon 
rectifiers 


G.E.C. Xenon rectifiers now readily available: 






Comparable ‘plug in’ 
mercury rectifiers 





P.LLV @ Nicavey # 







Current 








7.1A 








CV5, GU20/2!, AH221, ESU200, 
RG4—1250 














CV 1629, RG3—1250 


G.E.C. Xenon rectifiers incorporate these improvements. 
‘Boxed in’ anode 

Modified anode seal 

Advanced cathode design 


These give the following advantages: 
Longer average life 

Higher Peak inverse voltage 
Reduction of R.F. noise 


ano0m WN= 


Less stringent smoothing requirements (with most- 
Xenon rectifiers reversing the phase of the anode 
supply affects the ‘strike’ voltage—typical variation 
is of the order of 4:1. If the circuit connections are 
such that the higher ‘strike’ voltage is 

operative then additional smoothing 

is necessary. G.E.C. Xenon 
rectifiers do not 
show this effect). 





Full particulars of 
these Valves can be obtained from the 
G.E.C. Valve and Electronics Dept. 


Valves | 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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SPECIAL A-C 
AUTOMATIC 
VOLTAGE 

STABILISER 


TYPE 8571 A.M. REF. NO. 


We are very proud to announce that some months ago, after the 
most exhaustive trials, a special relay-rack mounted and metered 
model of our regular Model BMVR-2750 A-C Automatic Voltage 
Stabiliser, fully tropicalised to Service requirements, was accept- 
ed for incorporation in Radar Beacon Installations as manufac- 
tured by Murphy Radio Ltd., for supply to the Royal Air Force. 
Approaching one hundred are being supplied. Where only 
the best and most reliable equipment of this description is 
needed, and where failure might have the direst and most far- 
reaching consequences ‘“‘play safe’’ and send us your enquiry. 
This is commonsense when the best costs no more, ahd is backed 
by Stabiliser experience going back to pre-War days. 





10D/20161. 







C.L. LTD. CAT. NO. BMVR-2750-58-S 


Some recent important Automatic Voltage Stabiliser Con- 
tracts received include sixty-six for Air Ministry, for supply to 
all Meteorological Offices (33 Type BAVR-1000 and 33 Type 
BMVR-7000-a) all delivered, and all accepted after very rigid 
inspection. Also forty-five specially mounted Type BMVR-2750-A 
(2.75 kVA) for supply to Air Ministry for use on another Radar 
chain. Over 100 Type BMVR-1725 (1:725 kVA.) have now been 
supplied to U.K.A.E.A. 

Gillette Industries purchased a sample 


BAVR-1000 (1 KVA, 


instantaneous response, degree of stabilisation 0°-15%), and after 
trial ordered twenty-three more. This list of recent successes 
could be extended to fill a substantial proportion of this adver- 
tisement space. 














What does this all add up to? Surely that if you have some process 
which suffers from a-c mains fluctuations, or a research that is 
impeded from the same cause, or an assembly line where pro- 
duction falls off when voltage is low you should examine the 
possibilities of our very considerable range of A-C Automatic 
Voltage Regulators. Single Phase models range from as low as 
£25.16.0 (ASR-1150, 1:15 kVA) to £238.13.0 (BMVR-25000-C, 29-00 
kVA). So why delay? Please let us have your enquiry or problem, 
giving as much data as possible, addressing our nearest works. 

For complete information on our entire line of Stabilisers and 


BPlaude 


LIVERPOOL 3 - LANCS 
Telephone : Central 4641/2 


76 OLDHALL STREET - 
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Regulators, of which we have sirty-sir distinct models, please 
recuest a copy of our 20-page Catalogue Supplement Ref. V-549-S, 
together with our special publication VSP-56/16. 

At the same time remind us not to forget to include our latest 
12-page 3-Colour ‘‘VARIAC”’ Voltage-Regulating Transformer 
brochure, C.L.L. Form 424-UK. (Because in many cases it is of 
course possible to use manual control, which is considerably 
cheaper than automatic control: we do not want you to spend 
more than is necessary!). 


pons Wtd. (€) 


VALLEY WORKS - WARE RD- HODDESDON - HERTS 
Telephone : Hoddesdon 3007 (4 lines) 
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strip wound cores 


increase efficiency—save space 






“Telmag” Strip Wound Cores in “C” and “E” form 
provide the answer to the Transformer Engineer’s 
problem when space saving and weight reduction are 
primary requirements. Telmag are the largest 
manufacturers of Strip Wound Cores to the trade 
in Gt. Britain and can supply quickly from a wide 
range of standard sizes in weights from 5 grammes to 
1-cwt. Exceptional facilities are extended to cus- 
tomers requiring special types. The high quality 
and assured performance of all cores are the result 
of many years of specialised knowledge and experi- 
ence of Telmag . . . the foremost name in Strip 
Wound Cores. 


RIBBON THICKNESSES AVAILABLE 


0.012/4” for 50 c.p.s. operation. 

0.004” for 400/2,400 C.p.s. operation. 

0.002” for 2,400/ 10,000 c.p.s. operation. 
0.001” for 10,000/200,000 c.p.s. operation. 


and weight... 


TELMAG grain oriented 
silicon iron cores 
give low losses at 
high flux densities 





OTHER TELMAG PRODUCTS 


TOROIDAL STRIP WOUND CORES in various material grades 
and thicknesses, for Current and Instrument Transformers, 
Audio Frequency Transformers, Auto Transformers and 
Magnetic Amplifiers, in a wide range of sizes and in 
weights from 5 grammes to § tons. 


STRIP WOUND CORES FOR RURAL DISTRIBUTION TRANSFORMERS up to 
25 KVA rating. Cores are manufactured as single loops 
with a cruciform limb section, or as double loops each 
with a half cruciform limb section for applications where 
it is desirable to employ a shell type core construction. 
The cores are usually cut into two parts to facilitate the 
mounting of bobbins, and the separate portions of the cores 
are then held rigidly together by steel bands which pass 
round the outer periphery of each loop. 


TELMAG TECHNICAL SERVICE 


A specialised advisory service is maintained and we are 
always pleased to co-operate om any specific problem 
ae performance and production requirements of 
Strip ‘ound Cores for Transformers and Chokes. 
Literature and further information is freely available 
upon request. 


... contact tga y)-\e about strip wound cores... today! 


A member of the Telcon Metals Group 
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for single & three phase transformers & chokes 


TELCON-MAGNETIC CORES LTD - CHAPELHALL - AIRDRIE-LANARKSHIRE-TEL : AIRDRIE 2283 
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RACAL 





announce 


another new instrument! 


A DIGITAL MICROSECOND CHRONOMETER 


The Type SA.45 Chronometer 
enables the measurement of 
time intervals between 3 u.secs 
and | sec. to be made with an 


accuracy of + I u.sec. 





Features include : 


@ TEMPERATURE CONTROLLED CRYSTAL 
@ DOUBLE OR SINGLE LINE START/STOP 
@ AUTOMATIC/MANUAL RESET 


@ USES PLUG-IN UNITS WITH PRINTED WIRING 


Full details from : 


RACAL ENGINEERING LIMITED Tel : BRACKNELL 94! 
BRACKNELL, BERKSHIRE Cables/Grams : RACAL, BRACKNELL, Berkshire 


North England Agent :— Farnell Instruments Ltd., Hereford House, North Court, Vicar Lane, Leeds, 2. Tel : LEEDS 32958 
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MINIATURE OSCILLOSCOPE 











Type Type 
CT52 CT84 
WEIGHT: Approx. 15 Ib. SIZE : 13% x8" x54" approx. FINISH : Dark Battleship Grey. 


Designed as a general-purpose instrument, the Metrovick miniature 
oscilloscope is particularly useful for radar servicing. Its light 
weight and compact construction result in a portable and robust 
instrument designed to withstand rough use, so that it has now 
become standard equipment for the fighting services. 


SPECIFICATION 


SUPPLY: With A.C. Power Pack (CT52)—100/125 v., 200/250 v., 50/60 c/s; 180 v., 500 c/s. With D.C. Power 
Pack (CT84)—28 volts. D.C. Power consumption 50 VA approx. 


CATHODE RAY TUBE: Hard tube—2}# in. diameter screen. Standard tube fitted has Green screen with medium 
afterglow. Alternative tubes can be fitted. : 


TIME BASE: Free-running linear time base, paraphase amplifier and synchronising. Repetition range 10 c/s to 
40 kc/s. Single-sweep linear time base with paraphase amplifier, triggered by 30-volt pulse. 
Repetition range —50 c/s to 3,000 c/s. Sweep range —50 milliseconds to 3 microseconds. 


Y PLATE ATTENUATOR: Resistance Attenuator, capacitance compensated. Flat response —3 db from D.C. 
to 100 kc/s. Fixed attenuation of 14 db (5 times). 


Y PLATE CONNECTION: Direct or series capacitor connection. Input resistance—2.5 megohms. Input 
capacitance—SO pf. approx. 


Y PLATE AMPLIFIER: (1) Max. gain of 38 db. (80 times) flat to 3 db. from 25 c/s to 150 kc/s. (2) Max. gain 
of 28 db. (25 times) flat to 3 db. from 25 c/s to 1 mc/s. 


CALIBRATION: An internal supply of 50-volt peak + 10%, sine wave, at the supply or vibrator frequency. 


DELAY LINE: A delay network brought to the Y plate switch, and the displayed signal is delayed by approximately 
0.5 microseconds, having its source impedance of 75 ohms. 


RATING: Continuous operation at ambient temperatures between —32°C. and +50°C. 


Write for leaflet 652/14-1 for technical details. 





METROPOLITAN -VICKERS 


ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER 17 








Member of the A.E.!. group of companies 
R/€603 


BI3B 
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‘ne moment you hold stocks of Brayhead quality components, you're hand in 


hand with leading industrialists. Brayhead are specialists in the manufacture of 


the latest type of TELEVISION TURRET TUNER UNIT, the unique ‘““METPAKS”’ 


Shock Absorbers, all types of springs, pressings, clips, I.F. coil cans, valve screening 


cans and valve shrouds. Brayhead put quality above all, and at the right price. 


BRAYHEAD (ascot) trTp. 


FULL VIEW WORKS - KENNEL RIDE - ASCOT - BERKS 


8138 Telephone: Winkfield Row 427/8/9 - Telegrams: Brayhead Ascot 
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An A.C. voltage regulating problem? Here's the ready-made answer — 


PHILIPS Stepless Variable 























. Transformers 












these handy transformers! Both 


~~ [here are many applications for 





bench and panel mounted types 

are available for use in the laboratory 
or for incorporation as standard 

= components in manufacturers’ 


equipment. 





= @ Continuously variable from 
= zero up to 20% above 
input voltage 


® Toroidally wound 
@ Extremely low “no load” losses } 


@® Can be mechanically 
coupled for series, 
parallel or 3-phase 
(star connected) operation 


Products of N.V Philips 


E ndhoven. Holland 


@ Generously rated 





oe @® Fully tropicalized 








@® Individual units 
rated up to 2 kVA 


Write or telephone for further details Cons PHILI PS ELECTRICAL LTD 


RESEARCH & CONTROL INSTRUMENTS DIVISION 

—_— 

. CENTURY HOUSE + SHAFTESBURY AVE - LONDON. W.C.2 
TELEPHONE : GExrard 7777 
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For Communal T/V 
Aerial Systems 


BICC make all types of radio frequency cables for 
communal television aerial systems in flats, hotels, 
television showrooms, hostels and hospitals. 

Typical of the most popular range isa cable having 
an inner conductor of copper wire, insulated with 
cellular polythene dielectric and lead alloy 
sheathed, thus giving excellent screening properties 
with low attenuation. For certain situations a 
protective P.V.C. oversheath may be provided. 

Further details are given in Publication TD T 23 
—available on request. 


CELLULAR POLYTHENE 





RADIO FREQUENCY CABLES 


BRITISH INSULATED CALLENDER’S CABLES LIMITED, 21 BLOOMSBURY STREET, LONDON, W.C.1 
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‘MULTICON PLUGS AND SOCKETS 


The reliability of the connectors used can determine the 
dependability of electrical and electronic equipment. 
In the range of Painton ‘Multicon’ Plugs and Sockets are types 
suitable for most applications, whether used as cable connectors, 
for linking cables to panels or chassis, or as unitors. 
In addition to the type of cover illustrated, there is 
a similar range with die-cast covers allowing checking of the 
connections without interrupting the operation of the circuit. 


Please ask for full details of Painton 
‘Multicon’ Plugs and Sockets. 


INTON 
orthampton Ongland 
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RESEARCH, DEVELOPMENT X EXPERIMENTAL PRODUCTION 
PROJECTS ON ELECTRICAL MATERIALS & COMPONENTS 


G. V. PLANER LT D. ee ee 








DO YOU TRUST YOUR |2 
PLASTIC MOULDINGS? |. 


throu; 
Circui 
izer li 
simpl. 


jobbing moulding shop ? Exc 


or do you have them “knocked off’’ by a general 


P . Z-axi: 
HARWINS mould for the electronic and electrical vse 


industry only. We specialise in this field and supply to the ome 

nie al only | 
high 
os : ‘ . Conti 
For your next moulding requirements where quality Read 
and price are important why not try :— autor 
Th 
indic 
signe 


ELAR YY DTS FOR RADIO AND ELECTRICAL MOULDINGS oe 


HARROW . MIDDX. ‘ 
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Direct readings of 


New op) 523B 


FREQUENCY 


PERIOD 


ELECTRONIC COUNTER 10 cps to 1.1 MC! 


Extreme dependability 
Etched, unitized circuits 


Permits viewing time-interval 
start and stop points on 
oscilloscope 


High accuracy crystal 
oscillator circuit 


Trouble-localizer lights 


Counts pulses of selected 
voltage level 


Construction of the new -hp- 523B is highest quality 
throughout. Etched circuits are rugged, ultra-dependable. 
Circuits are arranged for complete visibility. Trouble-local- 
izer lights and plugs disconnecting circuit elements further 
simplify maintenance. 


Exclusive features include a pulse output for oscilloscope 
Z-axis modulation permitting visual identification of the 
time-interval start and stop points on the input waveform 
measured. There is also a pulse count discriminator counting 
only pulses of voltage above a pre-determined level; and a 
high accuracy, high stability crystal controlled oscillator. 
Controls are color-coded, concentric, functionally arranged. 
Readings are direct in clear, bright numerals; decimal is 
automatic and illuminated. 


The broad range and versatile usefulness of -4p- 523B is 
indicated by the Specifications at right. Model 523B is de- 
signed for utmost speed and simplicity in measuring produc- 
tion quantities, rpm, nuclear pulses, power line frequencies, 
repetition rates, time intervals, pulse lengths, shutter speeds, 


velocities, relay times, frequency ratios, phase delay, etc. With 
transducers, -hb- 523B also provides local or remote measure- 
ment of weight, pressure, temperature, acceleration, etc. 


BRIEF SPECIFICATIONS 

FREQUENCY MEASUREMENT: 

Range: 10 cps to 1.1 MC 

Accuracy: + 1 count + crystal stability 

Input Minimum: 0.2 v RMS 

Input Impedance: Approx. 1 megohm, 30 uef shunt 

Gate Time: 0.001, 0.01, 0.1, 1, 10 seconds 

Reads Directly In: KC. Automatic decimal 
PERIOD MEASUREMENT: 

Range: 0.00001 cps to 10 KC 

Accuracy: +0.3% (1 period); +0.03% (10 periods) 

Input Minimum: 1 v RMS 

Input Impedance: Approx. 1 megohm, 40 uuf shunt 

Gate Time: 1 or 10 cycles of unknown 

Standard Counting: 10 cps, 1 KC, 100 KC, 1 MC, External 

Reads Directly In: Sec, msec, “sec; automatic decimal 
TIME INTERVAL MEASUREMENT: 

Range: 3.0 usec to 100,000 sec (27.8 hrs) 

Accuracy: +1/ std. freq. counted + stability 

Input Minimum: 1 v peak. dc coupled 

Input Impedance: Approx. 1 megohm, 25 uuf shunt 

Trigger Slope: Pos. or neg. on start/stop independent or 

common channels 

Trigger Amplitude: —300 to +300 v adjustable 

Standard Counting: 10 cps, 1 KC, 100 KC, 1 MC, External 

Reads Directly In: Sec, msec, “sec, automatic decimal 
STABILITY: 2/1,000,000 per week. Also WWV 
DISPLAY TIME: Variable 0.1 to 5 sec, or indefinite 
OUTPUTS: Secondary standard: i0 cps, 1 KC 

rectangular, 100 KC, 1 MC sine wave. 
PRICE: $1,175.00 
Data subject to change without notice. Price f.o.b. factory. 


HEWLETT-PACKARD COMPANY 
Represented by 
LITHGOW ELECTRONICS LTD. 


198-200 BATH ROAD, SLOUGH, BUCKS - ENGLAND 
Telephone: Slough 21292 


ap) complete coverage in quality counters 
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A motorist way down in 
Bicester 
Was hailed by an expert, Hey 
Micester! 
If you listen to me 
I think you’ll agree 
That PVC makesan effective, 
economical and easy to fit 
petrol tubing 


Wore 
*Some /limericks — from 


A keen, conscientious 
ragazzo 
Was thinking about his 
terrazzo 
This problem of flooring 
Would be very boring 
Were it not for the 
incontrovertible fact 
that PVC makes an 
effective, economical, 
easy-to-fit and wholly 
reliable flooring strip 
for use with terrazzo 
flooring 


%* % lively lads 


Said the Amp 

to the Volt with a titter 

No wonder, my dear, 
you're so bitter, 
This leak they can mend 
Ina moment, old friend 

Because PVC makes 
an effective, economical 
insulating material for 
all sorts of electrical 
work 


(int) 


Father Christmas was 
terribly worried 
When to package his 
presents he hurried 
So he spoke to a pal 
Who was at Lorival 
And learned that PVC 
sheeting would be an 
effective, economical, 
moisture-and-chemical- 
proof answer to his 
packaging problems 


Said Dante engulfed in 
the fire 


Of the Inferno while 


plucking his lyre 
Six hundred years hence 
Any fireman withsense 
Will specify PVC 
for a remarkably 
effective, tough, 
durable fire hose 
lining 


at Lorival... * * 


PVC, in the hands of Lorival’s lively lads, 
can do a lot of jobs better and 
cheaper. Why not drop a line to Lorival? 
Then you can get together with the 
lively lads and figure out ways and means 


of using PVC to your advantage. 


LORIVAL PLASTICS 


WA 
Ler United Ebonite & Lorival Ltd., Little Lever, Nr. Bolton, Lancs. 
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These Units ore 
ACTUAL SIZE 
—made under 
U.S. licence 
from 
Winchester 
Electronics Inc. 


DATA RELATING TO 
SERIES ‘MRE’ 
MINIATURE 
CONNECTORS 


e 
CURRENT CARRYING 
CAPACITY: 7.5 amps 
* 
BREAKDOWN VOLTAGE 
BETWEEN CONTACTS. 
(at sea level) 
7-contacts: 3.1 kV 
14 up to 50-contacts: 4.0 kV 
+ 
AVERAGE MATING 
AND UNMATING FORCE 
(per contact): 8 oz. 

e 
POSITIVE POLARISATION 
BY GUIDE-PINS AND SOCKETS 
e 
RIGID ALUMINIUM HOODS 
WITH CABLE-CLAMPS 
(vibration locks optional) 
FOR COMPLETE SERIES 


SERIES ‘MRE’ 
with 7, 14, 18, 26, 34 & 50 contacts 


NOW AVAILABLE 
FOR 
PROMPT DELIVERY 








METHODS: 


“0? Od 
LOO LTD HHT 








miniature 
connectors 








Full technical data and illustrated 
leaflets forwarded on request 
ELECTRO METHODS LTD. 

17-44 Caxton Way, Stevenage, Herts. 
Telephone : Stevenage 780 











Take a look at this loudspeaker cone—the centre-piece is made of TUFNOL. 
And for very good reasons; TUFNOL easily withstands the continuous vibration to 
which it is subjected and furthermore is extremely light 


—won’t chip, warp, crack or corrode. More! This particular component 
was easily, accurately made on an ordinary punching machine. 
These advantages—plus the fact that it’s a first-rate electrical insulator— 
make TUFNOL suitable for a limitless number of radio and electrical 
components. You can machine your own components from 
TUFNOL sheet, tubes or rods. Or send us your specifications 
and we'll gladly produce them for you. Ask for an engineer to call. 


MAKE THE MOST OF TUFNOL 


REGISTERED TRADE MARK 


An ELLISON Product 
TUFNOL LTD PERRY BARR BIRMINGHAM * 228 


314 
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MARCONI LOW FREQUENCY CRYSTALS 


=m IN THE RANGE 1.6-50 Ke/s 


The illustration shows 

a 1.6 and 3 Kc/s Carrier 
Oscillator Unit for 
transmitting information 

to a remote bearing 
indicator as used in the 
Marconi V.H.F. Direction 
Finder Type AD2O00. 


Available in evacuated envelopes with B7G base or with 
flexible leads for connection into the circuit 





Among the many uses for this type 
of crystal are the following :— 


SPEECH INVERSION 
OSCILLATORS 


e 
CARRIER CHANNELLING a point of zero temperature coefficient in the 


EQUIPMENT range 0°-40°C. The bar in XY flexure used 

a 
RANGE CALIBRATORS between 1.6 and 12.0 Kc/s has the great 
‘ advantage of a low temperature coefficient in 


TIMING APPLICATIONS ETC. the region of room temperature. 


Flexure mode crystals are suitable for a wide 
variety of applications where an oscillator of 
good stability and small size is essential. They 
cover the frequency range 1.6 to 50 Kc/s with 











Lifeline of Communication 


4° MARCONI 


~ 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED 
CHELMSFORD, ESSEX. Telephone: CHELMSFORD 3221 
CR4 
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HEAT STABLE, WATER-REPELLENT 





Dielectric materials 





NEW FLEXIBLE SLEEVING 


Braided glass sleeving is now available coated with Silastomer* silicone rubber. It is based on Fibreglass E glass yarn and is 
supplied in various colours and in continuous lengths. This flexible sleeving retains its good dielectric properties and tear 
resistance from —55°C to + 250°C. Manufactured by Jones, Stroud & Co. Ltd. 


¥ SILASTOMER (Silicone Rubber) 


The importance of silicone rubber in high temperature applications tends to overshadow other uses; but it is valuable in con- 
ditions where low compression set, good low temperature flexibility and resistance to corona and dielectric fatigue are 
important. One manufacturer of gramophone pick-ups uses Silastomer for damping pads; they have proved that it is the only 
rubbery substance that maintains constant modulus under working conditions varying from Arctic cold to tropical heat. 
Photograph by courtesy of E.M.1. Ltd. & Dunlop Rubber Co. Ltd. 

Mullard Ltd. manufacture an ultrasonic soldering iron which depends essentially on the action of a transducer. The latter needs 
to be clamped down but not too rigidly otherwise the vibrations are damped out; so the clamps (a) are made from Silastomer 
because it has the required mechanical and electrical qualities and will withstand heat. For the same reasons Silastomer is 
used elsewhere in the iron (b). 

The iron also makes ingenious use of other silicone components. The drive coil (c) for the transducer is impregnated with 
silicone varnish and a silicone glasscloth laminate plate pins the end of the transducer (d). 


LIQUID DIELECTRICS 


MS 200 fluids are dielectrics available in a 
range covering all degrees of viscosity. Their 
importance lies in their resistance to both heat 
and moisture. They are unique liquid dielectrics 
because their power factor is less than 0.0001 
over all frequencies from | kc/s to 10 Mc/s and 
all temperatures within the —35°C to +150°C 
range. USES: Jn capacitors, small transformers 


Dielectric Constant 


Effect of Frequency or Dielectric Constant and Power Factor 
of 1000 Centistoke MS 200 Fluid 


and other electronic devices. 


8 
8 


TECHNICAL SERVICE 


Power Factor 


Our Technical Service Department has had 
eight years’ experience in the development and 
application of silicones. This accumulated 
knowledge is readily available to you if you will 


let us know your problem. 10 ~=10* 10° Wf 10’ 10° 


Frequency in Cycles Per Second 
% Silastomer is aregd. trade mark of Midland Silicones Ltd. 


Write for full information to: 


MIDLAND SILICONES LTD 


Associated with ALBRIGHT & WILSON LIMITED and DOW CORNING CORPORATION 





first in British Silicones 19 UPPER BROOK ST - LONDON - WI - TEL: GRO 4551 


taw 67 
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Oscillator-Carrier Amplifier Units 


for use with transducers 


N E P make a range of single- and 
multi-channel amplifiers with carrier 
frequencies of 3 kc/s. All models 
employ phase-sensitive ring de- 
modulators. Maximum output is 
1omA. Sensitivity is 2.5 mA output 
into a load of up to 100 Ohm for a 
percentage impedance change of 
10-. Single-channel amplifiers are 
entirely self-contained. Multi- 
channel units have common power 
supplies, and are available either 
with or without amplifier. For 
taking both static and dynamic 
measurements, there is a model with 
precision decade resistance balance, 
capable of detecting an impedance 
change of the order of 10-°. 


These instruments have outlets for 
recording and for CRO display. 


Other NEP instruments include recorders, Single-channel Oscillator, Input Bridge, Carrier Amplifier with precision decade 
galvanometers, automatic processing Carrier Amplifier, Demodulator Unit bridge balance 
machines, oscilloscopes, etc. 


New Electronic Products Ltd. 


9 New Cavendish Street, London, W1 WELbeck 1421 RELiance 5161 


Inductive and Resistive Transducers 


M E P make a variety of pres- 

sure transducers and accelerometers 

designed to meet the stringent 

requirements of the aircraft indus- 

try. The full-size illustrations show 

the miniature pressure transducer 

ve type SE 50 and the sub-miniature 
\ pressure transducer type SE 70. Both 
are of the inductive half-bridge type 
and are characterised by their large 


electrical output and high stability. 





Miniature Transducer Type SE 50 Sub-miniature Transducer Type SE 70 
FULL SIZE FULL SIZE 
Weight 5 oz. Weight } oz. 


Pressure range O— + 5 to O— + 2000 p.s.i. Pressure range : 
o— + 2too— + I00Pps.1. 


Mechanical & Electronic Products (London) Ltd. 
9 New Cavendish Street, London, W 1 WELbeck 1421 RELiance 5161 
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PRINTED 
CIRCUIT 


Printed Circuit Connectors in high grade black 
moulded bakelite. 


Six, twelve or eighteen way. 

Specially designed not to damage printed circuit foil. 
Silver plated Phosphor Bronze Contacts. 

Current carrying capacity: 5A 

Polarising keys available, if required. 


Insertion pressure: 175—200 grammes per contact. 
Contact centres: 5/32”. 6 BA. fixing. 








— APPROVED 


POWER CONTROLS 


“Te © 





EXNING ROAD - NEWMARKET - SUFFOLK 
TELEPHONE: NEWMARKET 3181'2°3 - TELEGRAMS: POWERCON - NEWMARKET 
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Valuable aids to the 
RADIO SERVICE ENGINEER 


120 PAGE 
POCKET BOOKLET 


A 120 page pocket-size booklet gives 
summarised data i.e. characteristics, 
operating conditions, base diagrams 
relating to Ferranti valves and cathode 
ray tubes. Included also is a comprehen- 
sive valve equivalents list. Free copy 
supplied on request. 





TECHNICAL 
HANDBOOK 


: = wANDBOOK 
This Handbook contains the fullest PECHNICAL | \WUp 
information about all types of Ferranti valves 


VALVES 
and cathode ray tubes. Complete data such vas 


as physical details, base connections, ratings, +a THODE nay TUBES 


operating conditions, etc. Price 7/6. 


Send now for both publications to:— 


FERRAN TL inp 


GEM MILL - CHADDERTON - OLDHAM - LANCASHIRE 


London Offices KERN HOUSE, 36 KINGSWAY, W.C.2. — 








DECEMBER 1956 ow ELECTRONIC ENGINEERING 





NS 
co 
Ld 
i) 
= 
ey 
~~” 


There are no finer 
springs than 


Springs by y 


ROBERT RILEY LTD., MILKSTONE SPRING WORKS, ROCHDALE 
Phone: ROCHDALE 2237 (6 lines) Grams: ‘RILOSPRING’ ROCHDALE TELEX 63:362 
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Model 1058 
Single Beam 
Oscillograph 









Designed for laboratory use, this 
new oscillograph provides 






a Y amplifier with a very useful 
frequency characteristic extending from 
d.c. to 6 Mc/s. The display is presented on a new post deflection accelerator 
tube at an amplitude of not less than 6 cm over the stated frequency band. The 
maximum sensitivity of the channel is 0.25 V/cm and calibration is 
effected by means of the accurate test voltage provided. The time base of the 
instrument can be switched to fire repetitively from a trigger pulse of either 
sign derived from the Y amplifier signal or externally. A special refinement, 
of interest to the Television Engineer, is the provision for triggering from the 
Frame or Line sync. pulse in a 1 volt D.A.P. (positive) composite video signal. 
Five calibrated time base ranges are provided giving spot velocities from 30 cm/sec to 
1.5 cm/microsec. An X amplifier with a maximum sensitivity of 0.5 V/cm 
and bandwidth 20 c/s—250 kc/s (—50%) is included and allows time base expansion, 
continuously variable, of up to five times. Time measurement is by calibrated 
shift control. The instrument operates from 100—130 or 200—250 volt mains supplies. 























Write for illustrated leaflet to :— 


CO S N) 0 R INSTRUMENTS LIMITED 


THE INSTRUMENT COMPANY OF THE COSSOR GROUP 











(Dept. 2) COSSOR HOUSE - HIGHBURY GROVE -LONDON .N. 
TELEPHONE: CANonbury 1234 (335 lines) 
TELEGRAMS: COSSOR, NORPHONE, LONDON 
CABLES: COSSOR, LONDON 
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southern 


inn” 


oscillogram processor 


This machine automatically processes under full 
daylight conditions any length of paper record 


from a few inches to hundreds of feet in widths 


up to 6” 


Please write for further details and a copy of our 
Oscillogram Processor Brochure 


SOUTHERN INSTRUMENTS OSCILLOGRAPH DIVISION 


Proprietor : SOUTHERN INSTRUMENTS LTD. 
CAMBERLEY - SURREY 
Teiephone No : Camberley 2230 (3 lines) 
Telegraphic address: Minrak, Camberley, Surrey. 
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Delaron 
(by De La Rue) 


does a double act for you 


You already know DELARON as a laminated 
insulant of precisely known dielectric values and 
mechanical properties which fully meet all British 
Standard and Ministry specifications at every grade. 
It is used as a controller of electricity, from loud- 
speaker spiders to insulating washers. 

But do you know about the second half of the 
double act by DELARON laminates? 


In its copper-clad form it is the basis of most of 
the printed circuits in radio, television, radar and 
electronic computors — the new, simpler and 
cheaper method of circuit manufacture. 

You should use DELARON laminates. 

For information, advice and service get in touch 
with Dept D6E, Thomas De La Rue & Co Ltd 
84-86 Regent Street, London, W1. 


* DELARON’ is a registered trade mark 
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10.500. 


DIRECTLY 
CALIBRATED 








AWE 


| 
V.H.F SIGNAL GENERATOR 
The type Dr/D is a V.H.F. 
Signal Generator designed 
for making measurements 
_in the frequency range ro 
to 300 Mc/s. Its outstand- Tis . 
ing features are:— TTT 





@ 50: | slow-motion drive 


@ Linear scale and vernier for high 
resetting accuracy 


@ Sine and square wave modulation 
@ Attenuator variable over 100 db. 
@ Negligible stray field 


@ Rugged construction and light 
weight (only 34 Ib.) 





NETT PRICE IN U.K. 


£97 


Full technical details available 
in leaflet M26 


The ADVANCE V.H.F. SIGNAL GENERATOR TYPE DIP/2 


Directly calibrated in six ranges 


2 Mc/s to 190 Mc/s 


This is a special version for the alignment of narrow 


NETT PRICE IN U.K. 
band communication receivers which incorporates: — 


£110 


@ CRYSTAL MODULATOR ELIMINATING SPURIOUS F.M. P fol. : , 

ull technical details available 
@ 2 Mc’s CRYSTAL REFERENCE OSCILLATOR in leaflet M 37 
@ BUFFER STAGE 


ADVANCE COMPONENTS LTD., ROEBUCK ROAD, HAINAULT, ILFORD, ESSEX. Tel.: Hainault 4444 
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A ctiwe ‘guarantors’ 


of product quality and precision 


Strontium-90 Thallium-204 
Promethium-147 Ruthenium-106 
Cerium-144 


These isotopes are being used increasingly for automatic checking of 
products—for instance the gauging of strip materials. They are also used 
for the discharge of static electricity. For such industrial purposes it is 
essential that the source of radiation shall be robust, safe, and reliable. The 
f-ray sources manufactured at Amersham have all these 
qualities. The active isotope is firmly bonded in a metal foil 
or plaque, and each one is tested rigorously to conform with 


British and American standards of safety. 


Enquiries are invited from manufacturers of equipment and 


from individual users, in all countries. 


T Bis RADIOC HEMICAL CENTRE 


AMBRSHAM BUCKINGHAMSHIRE . ENGLAND 
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WIDE RANGE CAPACITANCE BRIDGE 


ereeeetetil 





Designed for the accurate measurement of capacitance and 
resistance in the range 0-002pF to |00uF and IQ to 10,000Ma 
respectively. 


All measurements are made in the form of a three terminal 
netwerk and components can be measured in situ. Accuracy 
within + 1% Frequency 1592 c/s (w=10,000). 

Full technical information on this and other ‘Cintel’ Bridges is 
available on request. 





CINEMA 








A COMPANY WITHIN THE RANK ORGANISATION LIMITED 


WORSLEY BRIDGE ROAD  :- LONDON -:_ S.E.26 
HITHER GREEN 4600 


SALES AND SERVICING AGENTS: 

Hawnt & Co, Ltd., 59 Moor St., Birmingham 4 

F.{C. Rebinson & Partners Ltd., 122 Seymour Grove, Old Trafford, Manchester 16 
Atkins, Robertson & Whiteford Ltd., Industrial Estate, Thornliebank, Glasgow 
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Function 


Centre 
Frequency 
(Mc/s) 


Maximum 
Output 


Collector 
Focusing 
Field 
(Gauss) 








N.1001 
N.1002 
N.1004 
N.1005M 


N.1013 
N.1017M 
N.1018M 


Power 
Low Noise 
Power 
Low Noise 


Voltage 
Amplifier 


Low Noise 
Voltage 





Amplifier 





8888 





ImW 


roomW 


20 


10 


20 








30 


2600 


550 
2600 
360 


650 
700 


630 350 

















“ENGLISH ELECTRIC 





Waterhouse Lane, Chelmsford 
Telephone: Chelmsford 3491 








AP 300/46 


ELECTRONIC ENGINEERING 





RIMAL tote: « fiag ded / 


First in the field 
with complete 
FLYING LEAD 
VALVE 
ASSEMBLIES 


CHASSIS 
MOUNTING 


Brimar are now able to offer a range of flying lead miniature 





B7G and B9A valves assembled on moulded bases suitable 

for chassis mounting and using the same fixing holes as the 

corresponding valveholders for plug-in valves. Two types 

of assembly are available; unscreened with the valve mounted 

on a base only, or screened with a close fitting blackened 

metal can which provides electrical screening and conductive 

TO SPECIFY e cooling of the envelope. Both these assemblies can be 


THE ASSEMBLIES supplied with the bases moulded in nylon-loaded P.F., or in 


Replace the “‘F/"’ prefix on the flying properties and is suitable for general use up to about 200 Mc/s, 


P.T.F.E. The nylon-loaded P.F. base has good electrical 


lead valve code with one of the following and the P.T.F.E. base which is heat and moisture resistant 
prefixes :— with excellent electrical properties, may be used for all 
FF —unscreened on P.T.F.E. base. frequencies, under arduous conditions such as in situations 


XF—unscreened on nylon-loaded P.F. . of high humidity. 
SF —screened on P.T.F.E. base. 


SX—screened on nylon-loaded P.F @ Simplified and improved method for mounting 


wire-ended valves. 
Thus an F/6064 in a screened, P.T.F.E. @ Saves time in soldering. 


assembly would be specified as SF6064. @ Eliminates contact resistance 

















@ No intermittent pin contact resistance troubles. 





Standard Telephones and Cabses Limited 


Regd. Office: Connaught House, 63, Aldwych, London, W.C.2 


FOOTSCRAY SIDCU}]P - KENT °- FOOtscray 3333 
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BRITISH THROUGHOUT 
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Micro 


['wenty years development and production stand behind 


Switches 


by HONEYWELL 


7 


The most advanced precision snap action switch in the world 


—from BRITISH PRODUCTION 


Just how advanced can a precision snap 
action switch be? Research and design 
engineers have developed the V3 switch to 
the point whereby mechanical life expec- 
tation of the V3-601 Switch, the Long Life 
version, is 10,000,000 operations. Obtained 
by close quality control methods and a 
unique design of operating plunger, the 
V3-601 switch should prove attractive to 
all Design Engineers who require to switch 
electric circuits in a precise manner and 
with guaranteed repeatability. Standard 
versions of the V3 switch have a lower 
mechanical life but other features, Higher 
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Temperature rating or Low Operating 
Force, make them equally attractive. 


Switch Actuators of Leaf Spring and 
Roller Leaf Spring types are available for 
slow and fast cam operation. 


The V3 Switch will form the Basic Switch 
Unit of many Switch assemblies planned 
for future production. 


For further details write to Honeywell- 
Brown Limited, 1, Wadsworth Road, 
Perivale, Middlesex. Sales Offices located 
in the principal cities of Britain and Europe 
and throughout the world. 





Lit Honeywell 


. —_ @ /9 ! f 
TU WE ( Bue 
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now in 
ritain 


SYNCHROS 


For reasons well known to design 


engineers, precision synchros are being THIS BOOK IS 
employed increasingly in a diversity of VITALLY IMPORTANT 


civil and military equipment and being to all design engineers — and they are 
incorporated into industrial develop- invited to request a copy. It sets out, 
ment projects. They will be interested in detail, comprehensive data con- 
to know that the internationally cerning Ketay Synchros and their 
known Ketay Synchros are available special suitabilities. 


in this country. The publication number is KY 301. 








KETAY LIMITED - EDDES HOUSE +: EASTERN AVENUE - WEST ROMFORD - ESSEX 
@ KI 
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For all portable telecommunications equipment 


irectly-heate 





Space saving rc 


Manufacturers of almost every type of telecommu- - 
nications equipment in which space is a limiting - 
factor will welcome this newly extended range of — 
Mullard directly-heated subminiatures. Their dia- — 
meter, which is of the same small order as other — 
components, facilitates tight packing in “‘sandwich” a. 
and other types of assembly. | ot 

OL 





weight saving aes 


*Wit 
Due to their small size, these robust valves offer ' Bt The 
2 2 we y »} i € ¢ ays] y i , ¢ ; | colun 
special weight saving advantages which are parti- _ 


cularly valuable in relation to certain types of 
specialised battery powered equipment such as 
‘Hand-Talkie’ and ‘Walkie-Talkie’. They will 
operate efficiently from comparatively small bat- 
tery supplies and so allow the overall weight of 
equipment to be kept to the minimum. 





Brief technical details are given on the page opposite—more 
comprehensive information on these and other Mullard subminia- & 
ture valves is readily available. 
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ABRIDGED DATA 





Description Filament Typical Characteristics 


vf if —Vgi| la ig2 gm pe ra 

| es (¥) | (mA) (¥) | (mA) | (mA) | (mA/Y) | gl-g2) (kQ) 
U.H.F. Triode 25 | 2 45 | 145| — | 3.75 |15q)] 4.0 | Pout = 0.55W at 500 Mc/s as class "C" ose 
_|_cvaase RF. Pentode MPa) PO ee | 


3 R.F. Pentode 2 ty oH + ee 1 = -Vg! for 100:| reduction in gm. 


2.0 500 —_ 


Commercial | Services American — Special Notes 


Type No. Type No. Equivalent 





CV2275 





R.F. Pentode 2 ( 0.8 


os Variable-mu Pentode 0.49 | 0.85 600 | —V,! = !4V for |00:! reduction in gm. 


_— 


DLE? CV2361 A.F. Output Pentode 0.4 X Pout = 50mW. 
DL70 } Cv2105 R.F. Output Pentode S é . O | Pout = 0.45W at 200 Mc/s as class “C"’ amp 
DL73 CV2299 = R.F. Output Pentode 3.8 Pout = !.2W at 200 Mc/s as class “C" amp 








= 65mW 



































DL620 CV2238 5672 A.F, Output Pentode | |. ®) 5 § : 5 Pout 

















*At present only sample quantities of 
this type are available. 


*With 2MQ grid resistor. 
tThe power outputs quoted in the last 


column are not necessarily under condi- 
tions given for Typical Characteristics. 





COMMUNICATIONS AND 
INDUSTRIAL VALVE DEPARTMENT § 


& DL 620 
MULLARD LIMITED, MULLARD HOUSE, TORRINGTON PLACE, LONDON, W.C.I. 
@ mvt302 
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Consistency of Performance 











OVERLOADED BUT 
UNDISMAYED 


Before they leave the factory, batch 
samples of Welwyn heavy duty resistors 
are put through their paces in no un- 
certain manner. Nine times the normal 
load is passed through. But even this 
abuse does not daunt the Welwyn heavy 
duty resistor. It isso designed to involve 
the maximum, practical weight of resist- 
ance element. This means a very high 
thermal capacity which in turn permits 
absorption of considerable overcharge 
surges. The winding tape is protected 
from the possibility of shorted turns or 
hot spots by a vitreous enamel coating. 
Other important features include: a very 
high intermittent rating, availability in 
adjustable form and in resistance values 
as low as 0.10. 


MANUFACTURERS OF 


ELWYN 


ELECTRICAL 
COMPONENTS 


VE W PR 


Toroidally Wound Power Potentiometers 

Panclimatic High Stability Carbon Resistors 
Vitreous Enamelled Wirewound Resistors 

Carbon Composition and Wirewound Potentiometers 
Insulated High Stability Carbon Resistors 

High Voltage Composition Resistors 

‘Welmet’ Metal Film Resistors 

‘Vitricon’ Miniature Vitreous Enamelled Capacitors 


ELECTRONIC ENGINEERING 


WELWYN ELECTRICAL LABORATORIES LIMITED - BEDLINGTON - NORTHUMBERLAND 
On Admiralty, Ministry of Supply, (A.I.D. Approved) and Post Office Lists 
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Cores for Cathode ray beam 

deflection made by Salford 

Electrical Instruments Ltd., 

are formed by powder metal- 

lurgy incorporating ‘Araldite’ 

as a constituent. Construction 

of these cores calls for durability, 

low dielectric losses and good 

machining properties, whilst the resin 

used must be thermo-setting. ‘Araldite’ 

was chosen because of its toughness, re- 
markable adhesion to metals, excellent electrical 
properties, stability and resistance to moisture. 
This outstanding material is the ideal casting, potting 
or sealing resin for electrical components of any 
size, and complies with service requirements relating 


to sealing of components. 


‘Araldite’ epoxy resins have a remarkable range of 
characteristics and uses : 


They are used * for bonding metals, porcelain, glass, etc. 
* for casting high grade solid insulation 
* for impregnating, potting or sealing 
electrical windings and components 
* for producing glass fibre laminates 
* for producing patterns, models, jigs and tools 
* as fillers for sheet metal work 


*® as protective coatings for metal, wood and 
ceramic surfaces 


‘Araldite’ epoxy resins 


Araldite is a registered trade name 


Ae ro Resea rch Li m ited A Ciba Company. Duxford, Cambridge. Tel: Sawston 2121 


AP, 264-208 





DECEMBER 1956 63 ELECTRONIC ENGINEERING 








| EZ Wa 0k OINTRODUCE A NEW 
i PORTABLE TACHOMETER 


TACHOMETER TYPE 2 





@® Covers most requirements for speed 
measurement 


@® Frequency measurement 2 C/S to 
20,000 C/S in 4 ranges (accuracy better 
than 2%) 

® Inputs either photo-electric probe or 
voltage pulses 


By using the photo-electric or other suitable 
transducers the instrument will measure any 
rotational speed desired. An output is avail- 
able to allow the use of the instrument in 
conjunction with a pen or other similar 
recorder. 

Available for early delivery 


PRICE £74.0.0 ————_——_—_-—_- 


(Complete with Probe) 





E.M.1. ELEGTRONICGS LTD.  inoustriat propucts pIvision (Dept. 4M) - HAYES - MIDDX - ENGLAND - SOUthall 2468 - Ext, 473 


EFS6A 










N, G 
4 
Pa 
M a7 
"6 
G Ru 
U ™ 
Ss 
TRUMENTS FOR INDUSTRIAL 
Gr aneauuns _ AND SCIENTIFIC APPLICATIONS 
L 


Hungarian Trading Company for Instruments 
Letters: Budapest 62 P.O.B. 202 / Hungary / - Telegrams: INSTRUMENT BUDAPEST 
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TRANSFORMERS and CHOKES 


473 


EFS6A 





This is a transformer from \Gardners) new and economically 


priced range with conventional ‘C’ core fixing centres and comparable 
ratings. ‘Solent’ transformers and chokes have excellent electrical 

and mechanical stability and are suitable for upright or inverted 
mounting. Many standard types—with windings developed for current 
valve practice—are held in stock for immediate delivery and are 
described in a detailed booklet available on request. Additionally, 

the ‘Solent’ series can be manufactured to users’ specification in 


seventeen standard can sizes. 


Gardners) GARDNERS RAD!O LTD., SOMERFORD, CHRISTCHURCH, Hants., TEL. Xch 1024 


fy 
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THE SAME FIRM... 
BUT IN 4 NEW CASE! 


—|| | Shai” 


It is not surprising that, with our abiding interest in the A. 








correct housing of Electronic instruments, we should F 
signal our emergence from the caterpillar to the chrysalis 


stage of our development, by moving our London sls 4 


% 

: os 

Showroom and Office into more commodious and convenient —_— * 
% 3 























premises at One, Great Cumberland Place—which 


is adjacent to the Cumberland Hotel. We are proud 





















































to claim that our change of address*has not, in any way, 
CO » affected the standards which govern our production methods, 
so Se it has only, we believe, made it easier and more con- 
venient for you to see them... and we imagine that this 
—_ : will be a good thing—for both of us ! 
———T ~ 
—_—_ 
ie 
J 
= Sr 
We woulg 
: ‘Sit, So © Opp 
3 rang hae "uni ar 
e ° a ; ran ; 
F Cabj ets 2 Y inspect ‘ Bin 
NUfacty,. : Racks fies ©Mplete 
e ¢ 
Sctronic have 
"dustry, 


= lee lid 


REGENT PLACE, BIRMINGHAM, | 
Telephone: CENtral 6418 (4 lines) 
LONDON: 1, GREAT CUMBERLAND PLACE, W.1. 
Telephone: PADdington 4691 
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through Marconi’s experienced hands 


Every i 


gramme from a conception in the author’s and producer’s minds to 


what is 


by Marconi’s. Whether it be for a studio or O.B. vehicle, Marconi’s 
not only make it, they will install it (including constructing the building 
or.vehicle to house it), maintain it, operate it (or train operators in its 
use) and completely co-ordinate it with the whole system of which it 
forms a part. 


DECEMBER 
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is 
fe 
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tem of equipment which transforms a sound or television pro- 


ultimately audible and visible on the monitor can be provided 


75% of the world’s broadcasting authorities rely on Marconi equipment. 
Marconi Television equipment is installed at all B.B.C. and1.T.A. Television Stations. 


Lifeline of Communication 






Complete Sound and Television Broadcasting Systems 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX 
.B8 
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TELCON 


The new Mumetal 





Shield for 20TH CENTURY 
CATHODE RAY TUBES type S6AB 
(G.S.A.) and $6 A20-3B series. 





Manufactured in .036” MUMETAL, this 
Telcon shield fits tightly on to the tube, 
is finished in silver hammer grey stove 
enamel externally and matt black, 

heat absorbing, internally. Supplied fully 
heat treated to give maximum magnetic 





characteristics. TELCON MUMETAL SHIELDS 
are approved by the leading tube 
Manufacturers and Users, with whom close 













technical liaison is maintained. 
Other 20TH CENTURY TUBES covered by our standard range of shields are :— 
$3, S4B, S6B, S6AB, D6B, D6AB, and the Q6 (four gun) series. 
Drillings and brackets supplied to customers’ requirements. 


Further details and drawings supplied upon request. 


THE TELEGRAPH CONSTRUCTION & MAINTENANCE COMPANY LTD 





METALS DIVISION, TELCON WORKS, MANOR ROYAL, CRAWLEY, SUSSEX 
Telephone : Crawley 1560 
BRANCHES OF TELCON METALS GROUP AT LONDON, BIRMINGHAM, MANCHESTER & HAMILTON 
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a complete range of 


transistors 











—for the radio 
INTRODUCING 
the New Metal Clad 
“Top Hat’’ TRANSISTORS 


* Hermetically sealed, welded metal-to-metal 
container insures against moisture penetra- 


and electronics 








. fj 2 Ag ° . ° *3: . . 
in d U st r 1, tion even in high humidity at high ambient 
Y ae temperatures. 
xe 
Bio * Revolutionary new all-metal construction 
es “gives far greater heat dissipation. 
, # %*& A complete range of basic samples with 
& R mean average characteristics are available, 
B34 including matched pairs for push-pull output, 
Be for Design Engineers in the radio and 
ge electronics industry. 
Sey 
A TYPE APPLICATION 
Res 3 XAl101 I.F. Amplifier 
oe 6: . 2. . ° 
ee XA102 Frequency Changer/Oscillator 
Bs. (cut-off frequency 7 Me/s) 
segs XB102 Intermediate L.F. Stage 
of XB103 Intermediate L.F. Stage 
Set Manufacturers and other Trade users are invitedto "Zi XC100 Series Output Stage, including matched 
a pairs for push-pull 


send for range of basic samples and technical data. ae 


EDISWAN 


MAZDA 























RADIO DIVISION 
THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2 
Telephone: Gerrard 8660 Member of the A.E.I. Group of Companies Telegrams: Ediswan, Westcent, London 
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THE DOOR IS ALREADY OPEN to 
improved performance and _ reliability. 
In delicate mechanisms from tachometers 
to Fractional H.P. Motors BMB Minia- 


ture Bearings are reducing friction loss— 





increasing all-round efficiency. 


miniature 


RIGID RADIAL | 
BEARINGS 


RC 





Take No. RC 104 for instance. Although 





this is by no means the smallest of the 
radials, the bore is only 1:0 mm. dia. 
Specific load is 3-49 lbs. at 1000 r.p.m. 
Ideal for higher speeds under moderate 


load. One of the many applications in 





which this Bearing is being used success- 


fully is in the assembly of AIRCRAFT 





TURN AND SLIP INDICATORS. 


Write for Leaflet No. BMB/538 for full details 
of standard and super precision bearings. 


BRITISH MANUFACTURED BEARINGS Go., Ltd, CRAWLEY, SUSSEX 








Sole Selling Agents: B.M.B. (SALES) LTD., (DEPT. 5), BOSCOBEL, HIGH STREET, CRAWLEY, SUSSEX 
Phone: Crawley 1030 (6 lines) "Grams: BRIMAN CRAWLEY 
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* Fluon ’ has a very low power factor and dielectric constant. These properties are invariant 
with temperature and frequency. Because * Fluon ’ does not absorb and is not wetted by 
water, its insulating properties are unaffected by humidity. (The Edison Swan Co. Ltd.) 


* Fluon,’ a tough flexible thermoplastic, can also be extruded into continuous-length 
tubing of various diameters and wall thicknesses, and can be used as a liner for flexible high 
pressure hose—e.g. high pressure steam lines. ( Bowden ( Engineers) Ltd 


* Fluon ’” has a very low coefficient of friction which is utilised in special types of light duty 
bearings required to work without lubrication. It is particularly suitable for use in food 
processing machinery, and in textile and chemical plants. (The Glacier Metal Co. Ltd 


* Fluon ’ is the material for gaskets, packings, seals and couplings, where extremes of 
temperature and corrosive fluids and solvents are involved. Within its working temperature 
range (from —80°C. to 250°C.) * Fluon’ is unaffected by any chemicals except 

molten alkali metals and certain fluorine compounds. (George Angus & Co. Lid. 


‘Fluon’ is the registered trade mark for the polytetrafluoroethylene manufactured by I.C_1 


IMPERIAL CHEMICAL INDUSTRIES LIMITED - LONDON - S5.W.1 
veils 
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5 WINNERS 











This miniature relay team has already established many new records 
for performance and reliability. Each in its own field is a recognized 
champion, meeting and overcoming many strong challengers both at 
home and overseas. 

When designing your new equipment, you can get off to a good start 
by specifying these miniatures... you can then be certain of first 
class results. 

Full details and form will be sent on request. 


POLARIZED RELAY 
Versatile, sensitive and stable. 
Available with one or two 
changeover contacts. Dust 
cover or hermetically sealed. 
Long or short frame models. 


G.P. RELAY 
For general purpose appli- 
cations. Multi-contacts up to 4 
units. Open, dust cover or 
hermetically sealed with normal, 
heavy duty or low capacitance 


TYPE 1A RELAY 
Highly sensitive — non-polarized 
type with balanced moving 
system for high ‘g’ performance. 
Hermetically sealed with one 
changeover. 


contacts. 

TYPE 2 REI AY M.G.L. RELAY 
General purpose type with Specially designed for electronic 
balanced moving system. and nucleonic applications. 
Norma! and heavy duty contacts One changeover contact. Fits 
up to 4 changeovers. Hermeti- standard B7G base. 
cally sealed. 





ERICSSON TELEPHONES LIMITED 


NN FIELDS, LONDON, W.C.2. Tel : HOLBORN 6936 Works ; BEESTON, NOTTINGHAM Te/: BEESTON 254831 


aa Cffice: 2- LU 
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ROLA Celestion—acknowledged 
leaders for over 30 years in 
the design, development and 
manufacture of loudspeakers 


for all purposes ... world 





famous for quality of 


reproduction, sensitivity in 





performance and long life 
under all climatic 


conditions. 


LOUDSPEAKERS 


rom ace Rola 


reneores” // CHECTION 


, a ( a Ltd. 
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for transistors 
rectifiers 








{|| 








A PECHINEY-UCLAF PRODUCT 


Silicon 9 


extra pure 


20 22 ‘cm min. on monocrystals 



































R 





U.K. Distributors: 


_———~*«*&R*‘WCWW BERK & Co. Ltd. 





















































———— = = P.O. Box 193, I-19, New Oxford St., London, W.C.! 
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sO many proj ects 


In modern electrical engineering, so many new projects depend on 
the unfailing reliability and service of special transformers. [It is 
gratifying to know that, so many times, Savage Massicore Trans- 


formers ensure the success of these projects. 


If you do not see what you require in this “shop window’, 
please come in. Or at least write tous. We look forward 


to receiving the unusual enquiries. 


SAVAGE TRANSFORMERS LTD 


NURSTEED ROAD - DEVIZES - WILTSHIRE - Tel: Devizes 932 
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For Precision Measurement 
up to 4,000 Mc/s... 








Marconi U.H.F. Signal Generator 
TYPE TF 1060 


Marconi U.H.F. & S.H.F. Signal Generator 


TYPE TF 1058 





These two Marconi Signal Generators simplify a wide 
variety of measurements in the ranges 450 to 1250 and 
1700 to 4000 Mc/s. The range of each is covered in one 
band and frequency is directly indicated on a large, clear 
dial; incremental tuning facilities coupled with inherent 
high stability provide for the most exacting bandwidth 
measurements. The wide range of output levels, directly 
indicated on the dial of a piston attenuator, is suitable for 
a diversity of applications extending from slotted-line 
measurements to the testing of high-sensitivity receivers. 


U.H.F. & S.H.F. SIGNAL GENERATOR 
TYPE TF 1058 


ABRIDGED SPECIFICATIONS 


TF 1060 Frequency Range : 450 to 1250 Mc/s. Incremental Tuning : 20 to 200 kc)s per 
division, with interpolation by fine tuning control. Frequency Stability: Better than 
0-005°,, per 10-minute period. R.F. Output: 0-15uV to 445mV; also higher outputs up to 
approximately 3 volts. Output Impedance: 50 ohms. Modulation: Internal sine and 
external pulse a.m. 


U.H.F. SIGNAL GENERATOR TF 1058 Frequency Range: 1700 to 4000 Mc/s. Incremental Tuning: 60 to 350 ke s 
per division, with interpolation by fine tuning control. Frequency Stability Better 











TYPE TF 1060 - i 
than 0-001, per 10-minute period. R.F. Output: 0-luV to 445mV ; also higher out- 
puts up to approximately 3 volts. Output Impedance : 50 ohms. Modulation : interna 
square a.m. ; external f.m. and pulse a.m. 
7 

AM & FM NA ENERATOR AUDIO & VIDEO 

ISCILLATOR VALVE VOLTMETERS POWER METERS 

MARCONI Q METERS - BRIDGES - WAVE ANALYSERS - FREQUENCY 

TANDARDS WAVEME TERS TELEVISION AND RADAR 

INSTRUMENTS TEST EQUIPMENT - AND SPECIAL TYPES FOR THE ARMEC 

FORCES 











MARCONI INSTRUMENTS LTD ST. ALBANS - HERTFORDSHIRE TELEPHONE: ST. ALBANS S616! 


London and the South: Marconi House, Strand, London, W.C.2. Tel: COVent Garden 1234 


Midlands : Marconi House, 24 The Parade, Leamington Spa. Tel: 1408 North: 30 Albion Street, Kingston-upon-Hull Tel: Hull Central 16347 


WORLD-WIDE REPRESENTATION 
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PLANNED 


AIRFLOW 


DECEMBER 





enough 
air 

in the 
right 
place 


pg gta ao 


PLANNAIR 





eet ae 
PLANNAIR LTD 
WINDFIELD HOUSE 
LEATHERHEAD 

SURREY 


Telephone: Leatherhead 409i 





Plannair Blower, 2PL81, is used by Kelvin and Hughes Ltd., 
for cooling this transmitter umt from their marine radar. 





In this application, the components are fitted inside 

a heavy watertight compartment and circulation 

is maintained through suction, the air entering the 
cabinet through a filter in the base. The rate of flow 
gives a complete change of air 20 times a minut2 

and special provision is made for maximum circulation 
over magnetron and power pack. 

PLANNAIR apply themselves — and their 
unsurpassed Axial Fiow blowers —to the solving of 
many problems related to the controlled over-running 
of electronic equipment and 
similar matters which 
currently call for ‘enough air 
in the right place’. 





ALSO MANUFACTURED UNDER LICENCE IN THE U.S.A. BY THE PESCO PRODUCTS DIVISION 
OF BORG-WARNER CORPORATION AND IN FRANCE AND GERMANY BY AIR-EQUIPEMENT 


SYSTEMS FOR 


THE 





AIRCRAFT AND ELECTRONIC 
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HOW HIGH IS YOUR 
MEASUREMENT 1!1Q? 


y| YOU require to measure the amplitude of a 
e ¢ 17 Mc/s signal known to be in the microvolt range. 
What equipment would you use? 


b YOU suspect the accuracy of the attenuator on your 

eave H.F. Signal Generator at frequencies above 20 Mc/s. 
How would you check it over its complete range of 
120db to an overall accuracy of 0.5 db? 


3 YOU wish to analyse the components of a pulse 
oe” waveform with a repetition rate of 300 kc/s up to 
the 100th harmonic. How would you set about it? 


4 YOU have a !5 Mc/s tuned amplifier with a band- 
@ Fe width of 5 Mc/s and a nominal gain of 60 db. How 
would you (a) check the gain accurately, (b) plot the 
response curve? ¢ 


5 YOU need to test a piece of equipment operating 

oe”e in the frequency range 30 kc/s—30 Mc/s. This has 
a tendency to generate spurious signals which must 
be kept to an amplitude of less than 100 microvolts. 
What is the quickest way of tracing their presence, 
checking their frequency, and measuring their 
amplitude? 


6 YOU are considering the purchase of a standard 

o\”e H.F. Capacity Bridge for operation at frequencies up 
to 30 Mc/s. What is the most suitable instrument to 
use as a detector? 


7 YOU wish to interpolate between the very weak 

e © @ 100 kc/s harmonics of a Frequency Standard in the 
region of 10 Mc/s. What equipment would you use 
having a directly calibrated scale length of about 
14 in. per 100 kc/s at this frequency, a movable 
cursor and a sensitivity of | microvolt? 


A. The correct answer to all the above problems is to employ an 


AIRMEC H.F. WAVE ANALYSER TYPE 853 


—the most versatile laboratory tool available for use in the frequency range 30 c/s—30 Mc/s. 


Please write immediately for full details to: 


" <@> AIRMEC LIMITED 


HIGH WYCOMBE BUCKINGHAMSHIRE ENGLAND 


Telephone : High Wycombe 2060 Cables : Airmec High Wycombe 


‘ 
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From alchemy to THE ATOM 


From the early quests of the “‘philosopher’’ to 
the realisation of nuclear power the progress 
of science and technology has demanded 
measuring instruments of increasing variety 
and complexity. 

The specialised materials and components that 
Johnson Matthey produce for the instrument 
industry—stemming from the company’s long 
experience of metallurgy—play an important 
part in enabling the instrument engineer to meet 
this demand with ever-improving standards 

of quality, accuracy and reliability. 


~~ 
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Heat exchangers and 
cooling towers at Calder 
Hall, the first full-scale 


nuclear power station. 


Precision drawn resistance wires . Nickel cathode 
tubes . Grid support wire . Contacts and contact 
Specialised Products of springs . Waveguide tube . Rhodium electro- 
deposits . Precision silvered mica capacitor plates 
Fine fuse wires . Platinum . Rhodium-platinum 


q Ny NS M tth thermocouples . Mallory 73 Beryllium Copper 

Johnson ' ig al e ‘ wire and strip . JMC Phosphor Bronze . Bourdon, 
capillary and pointer tubes . Wires for resistance 
thermometry . Silver brazing alloys 


Technical data sheets available on request 


JOHNSON, MATTHEY & CO., LIMITED, HATTON GARDEN, LONDON, E.C.| 
E.12 Tel : HOLborn 6989. Vittoria Street, Birmingham, |. Tel: Central 8004. 75-79 Eyre Street, Sheffield, |. Tel: 29212 
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McMURDO rep RANGE CONNECTORS 


FOR BACK RACK MOUNTING 


NOW AVAILABLE 


8 way 
46 way 
24 way 


32 way 





24 WAY CONNECTOR 


GOLD PLATED CONTACTS 
@ WORKING VOLTAGE —750V D.C 
POSITIVE POLARISATION © CONTACT RESISTANCE — LESS 
THAN -:005 OHM 
SELF ALIGNING @e CURRENT RATING—5 AMPS 
EXCEPTIONALLY LOW INSERTION eile 


@ MOULDINGS—RED NYLON 


AND LOADED P.F 
WITHDRAWAL FORCE 


@ FLOATING BUSHES ON SOCKET 
MOUNTING PLATES ASSIST 
SELF ALIGNMENT 


SEND FOR FULL TECHNICAL INFORMATION To 
THE McMURDO INSTRUMENT CO. LTD., ASHTEAD, SURREY. Telephone ASHTEAD 3401 


JSP/RRC 2 
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> Measures sub-audio and audio frequencies 0.1—10,000 c/s 






p» Measures frequency response characteristics of low- 
frequency amplifiers as used in geophysical 
and electro-medical research 













» Measures vibration and strain effects in machines 
and structures 












p Checks the response of low-frequency 4 
recorders D4 






p> Tests the efficiency of servo 
systems 








To: DAWE INSTRUMENTS LTD 
99 UXBRIDGE ROAD, EALING, W.5 | 
(Block 


THE V.L.F. TYPE 442 is resistance-capacitance tuned for 
high performance over the whole range 0.1 to 10,000 c/s. 


@ High stability Please forward data relating to 


: , ‘ letters , 
@ Two independently variable outputs in quadrature V.L.F. Type 442 Oscillator pr sen | 
@ Automatic oscillator amplitude control at all frequencies RS Se Se ee ee ee | 
@ Accurate frequency calibration @ Low distortion [URNWeyV VAD lc ccccceccececeeeeeuses | 
@ Output monitored on miniature cathode-ray tube ERIE RS FSP Seis inn eee wrt 


Other Dawe Wide-range Oscillators include : 
Type 400A: 20-20,000 c/s 
Type 400B: 20-200,000 c/s Type 400C: 0.1-1,000 c's 





I cee A em | 
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Little Birds are whispering that we have recently published 
wo a new catalogue entitled ‘‘ Enamelled Oil Base Winding 
Wire.” This publication is really the last word in detailed 


information on this type of wire. May we send you a copy? 


i connoitys Uinding Wires 


CONNOLLYS (BLACKLEY) LIMITED 


KIRKBY INDUSTRIAL ESTATE - LIVERPOOL 
Telephone: SIMonswood 2664. Telex No.: 62-247. 
Telegrams: ‘‘SYLLONNOC, LIVERPOOL” 


Branch Sales Offices: SOUTHERN SALES OFFICE AND 
STORES: 23 Starcross Street, London, N.W.!. Phone 
EUSton 6122. MIDLANDS SALES OFFICE AND STORES 
39/44 Watery Lane, Bordesley, Birmingham, 9. Phone 
ViCtoria 4991. Telex No.: 33-309. 


ene: ; 
THE LARGEST MANUFACTURERS OF 
FINE ENAMELLED WIRE 


IN THE WORLD 








S.W.2. 
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A Saturable Reactor is an infinitely variable A.C. 
Choke. It has no moving parts, control being effected 
by forcing a D.C. magnetic field through the A.C. 
magnetic circuit, the D.C. field being controlled by a 
small resistance. Ideally suited for building into all 
A.C. and A.C./D.C. power equipments. Non-standard 
voltages and frequencies are catered for. Units up to 
75 kVA have been supplied by H.E.D. 

APPLICATIONS. For the smooth control of power 
to:—Electric Furnaces — Hot Plates — Plywood 
Heating — Light Dimming — Servo Mechanisms — 
A.C. Current and Voltage—Metal Rectifier Installations. 






























OTHER H.E.D. PRODUCTS 
@ Precision Welding Machines 











@ Rectifiers @ Welding Controls 
@ Transformers @ High Speed Contactors 
@ Coil Winding @ Magnetising Equipment 






@ Air Conditioned Welding and Assembly Benches 


HIRST ELECTRONIC LTD. 
GATWICK ROAD - CRAWLEY - SUSSEX - Crawley 2166 


























NON-FERROUS (U 
METALS 


SHEET AND STRIP, RODS AND BARS, 
WIRE AND DRAWN STRIP, TUBES AND 
CHILL CAST BARS 


PHOSPHOR BRONZE, GUN METAL, BRASS 
AND COPPER, GILDING METAL ETC. 


chen een NS 





5 Se ES SS SS ES ition Oo 8 Cf i ff jms ace 
+ f the newly printed Eleventh Edition of & , ay ieee ee 
% Ask for acopy & ‘lable post-free on request. ify wneeewlae 
H ndbook availab e Pp an ae ae 2 
our Trade Ha , ee 


CHARLES CLIFFORD LIMITED 


Specialists in the production of Wrought High Tensile Alloys 









DOG POOL MILLS, BIRMINGHAM 30 
and FAZELEY ST. MILLS, BIRMINGHAM 5 
OFFICES : LONDON, GLASGOW & DUBLIN 














M-W.130 
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Observe ! 


You can see right through 


More important, with the side opening construction of 

this Austinlite control cubicle you can get at the equipment 
from both sides. In other ways too an Austinlite cubicle is an 
ingenious box of tricks, for whatever purpose it is designed—and 
that may be the control of anything from a complex automatic machine to 
an all-electric lighthouse. Many of the components are specially designed 
and purpose-built by Austinlite. The fully compensated thermal time delay 
relays, for example, and the sensitive reverse power relays 


give the same high standard of performance as 
—— the better-known Austinlite precision moving 


¥7 





coil relays and multi-circuit rotary switches, 
Almost all this specialised equipment was designed in the first 
place to do a job for which no existing equipment quite fitted the 


NN ] bill. Perhaps you have a special query that might start a new ball rolling? 
— 
. ie 
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p>* #\\ 7 
RE 
¥ 
¥ TR 
—7tustinlite EQUIPMENT 
Tailor-made by STONE-GHANGE LTD. 
SI 


THE MAKERS OF SUMO PUMPS AND STONE-CHANCE LIGHTHOUSES. 28 ST. JAMEs’S SQUARE, LONDON, S.W.I. TELEPHONE: TRAFALGAR 1954 
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Consider the accuracy 
of the 


SPERRY size 15 _s 
‘ Synchro Resolver ACTUAL siz 


















ugh 























ne to 

aa A Synchro Resolver consists of a rotor carrying two 
elays windings at right angles which rotates in a stator also 
ce as having two mutually perpendicular windings. If the 
ving synchro is connected as shown below, the voltages 
‘a A,,-Ag> vary sinusoidally as shown in the accom- 
re panying graphs. How closely the voltages of a Sperry 
ing? size 15 Resolver follow this sine relationship can be 


judged from these performance figures : 
(a) Angular separation of Nulls = @ = 90° + 4’ 
(b) Transformation Ratio A=KV 
0/ 
where K = 49g? from model to model 
oO 
Variations in K = + 0.2% in any one model 
(c) Voltage departure from true sine 
=6V=+02%A 
Precision resolvers offer the solution to a wide range 


of computing problems, and may also be used for 
position control. 




















RESOLVER OUTPUT 
VOLTAGE 





“STATOR 
wth 


Sperry size 15 Resolvers having the performance 
described are AVAILABLE EX STOCK. 









TRUE SINE VOLTAG 


Advice on their application to your problem is available 


SPERRY SYNCHROS 


SPERRY GYROSCOPE COMPANY LIMITED, GREAT WEST ROAD, BRENTFORD, MIDDLESEX Telephone : EALing 6771 
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and the 
unique 


UNIPIEZO 


maximum piezo-electric 
activity with 


less cost—greater sensitivity— 
more easily shaped than Quartz. 
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If you manufacture ELECTRON TUBES 


LU MA supplies material 


90 % of Luma’s production of tungsten and molybdenum 

wire is exported. Luma’s wire and coiled filaments for radio valves 
and other uses are sold in more than 40 countries. 

Lumalampan AB runs its own tungsten and molybdenum works in 
order to have these important elements under its own control. 
Modern laboratories maintain an efficient 

production control and ensure progressive technical development. 
Consult LUMA about tungsten and molybdenum wire and coiled 
filaments. Wire is supplied in all dimensions and finishes, e. g. 
black, cleaned or plated, semi-finished rods or finished electrodes. 
Plated wire supplied in the following forms, among others: 
gold-plated tungsten wire, gold-, silver- or nickel-plated molybdenum wire. 








Outstanding properties of LUMA’s plated wire: 
impermeable coating with good bond to base metal 
bright surface 
uniform mechanical properties, 
which efficiently prevent oxidation and grid emission. 
The Luma Factory, the largest of its kind in Scandinavia has 
high capacity and short delivery times. 
Our tungsten wire catalogue, in English, German or French, 
will be sent on request. 














7 





Manufacturing all types of 
incandescent, mercury va- 
pour, neon and flourescent 


img, uoecen Sins | LUMALAMPAN AB | 


and accessories. Address: Stockholm 20 Sweden 
_f Cables: LUMALAMPAN Stockholm 








N 
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cut out 
that operation! 





The production engineer is allergic to 
operations ; he says they cost too much. So 
more and more production men are changing 
over from the older machine screw to the 
self-tapping type. 

For the self-tapping screw, by forming its own 
thread, cuts out completely all screw-cutting 
operations ; and, because of its self-locating 
point, greatly simplifies assembly. It never 
needs a nut, however thin the parts to be 
joined. 

Moreover, the recessed-head type of 
self-tapping screw permits the use of power- 
drivers, without risk of harm to worker or 
work. The production men have something 
there, haven’t they? 














LINREAD LTD - COX ST - BIRMINGHAM 3 


SLOTTED AND PHILLIPS RECESSED HEAD MACHINE SCREWS AND TAPPING SCREWS + HIGH TENSILE HEXAGON HEAD BOLTS AND SETSCREWS 
AMACRAFT BOLTS, SCREWS AND RIVETS + SEMS + RIVNUTS + CUSTOM DESIGNED COLD FORGED FASTENERS + ALEX SCREWPLUGS. 
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ALL-POWER 


REGULATED POWER SUPPLIES 
































SERIES 500 
4 MODELS 


RATED FOR 350mA OUTPUT 


AVAILABLE FOR PROMPT DELIVERY 





Model 501 
(fitted in instrument case 


ABRIDGED DATA 

































































Data Model 506 Model 507 Model 508 | Model 509 
Output 200-500V 200-500V 0-500V 0-500V 
P 350mA 350mA 350mA 350mA 
> ' Number of Ranges 2 2 4 4 
e = I SE 
os Voltage Stabilization +0.02% +0,002% | 0.1% 0.002% 
—«a | pepe ta eS SS 
= ” | Effective Output Resistance 0.22 0.02 2 | 0.52 0.02 Q 
(max.) 
Output Ripple (rms. max.) | 2mV ImV 3mV | ImV 
mii, pale Ess 250V 25mA | 250V 25mA 
>. — | 0-250V ImA | 0-250V ImA 
&% we DLE PEALE 
Ss Voltage Stabilization — — £0.05% | +0,002% 
2 | i ninnteniedinindiegieammaanisdmnniantinil 
> Output Resistance {max.) — a 1Q 0.01 2 
Output Ripple (rms. max.) — — 2mV ImV 
m 470V amv. | 320V.—té‘(l*«CKKQCS; 
Vaseniiens + VE 630V 630V. | ~~ 470V 470V 
H.T. Supply 350mA max. 630V 630V 
Unstabilized A.C. Supply 6.3V 10A 63V10A | 63V10A | 63V10A 
Price ; £77 £98 £88 | £106 














STANDARD UNITS. All models are supplied as standard for mounting in 19 in. racks and are fitted 
with fully protective covers. 


EXTRAS. To convert from rack mounting to bench use the following extras are available :— 


Polished hard-wood reinforced end frames 
or 
Steel instrument case of new design 


PRICES. Prices are quoted net ex works and are subject te _riation without notice. 


ALL-POWER TRANSFORMERS LTD. . CHERTSEY ROAD, BYFLEET, SURREY 
Tel.: BYFLEET 3224/5 
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MULTICOR 


CABLES 














in the Radio, Television and Electronic Industry, and 
in Power Stations and Factories there is an increasing 
demand for Multicore flexibles and cables. 


We are prepared to quote to any specification and our 
technical departments are only too pleased to give 
Manufacturers any assistance in designing cables for 
specific requirements. 


Multicore cables can be supplied with P.V.C., Polythene 
or V.I.R. cores and with P.V.C., Polythene or T.R.S. 
sheathing—with or without screened covers—and if 
necessary lead covered and/or ‘‘Corrusteel’’ armoured 


We carry a large and varied stock of Multicore Cables. 


WANDLESIDE CABLE WORKS LTD. 


GARRATT LANE, WANDSWORTH, S.W. 18. Phone: BAT. 2273 ae 
London Office and Stockist: 30 Tottenham Street, W.1. Phone: LANgham 8317 E. 
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PRECISION was 
the DECISION 
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The diagram above gives details of 
the discs which were clamped 
rigidly between steel plates to form 


the rotary switch. Note the wafer One of the best respected names in the Electrical Industry 


thinness at the centre. 


is that of Santon Ltd., who are justifiably proud of their 
reputation for top-quality products. The rotary switch 
illustrated is a typical example and we consider it no 
small compliment that we were entrusted with the making 
of the discs of which it is comprised. The specification 
called for a dimensional accuracy of .oo1 in. and insisted 
that their electrical properties should be maintained at 
ambient temperatures up to 250°F. We chose a Phenol 
Plastic and as a result of a special 
moulding technique produced a 
disc which met all requirements. 
















One of the three bays in our 
Compression Moulding Shop. 


THE MOULDERS WITH THE 
ENGINEERING BACKGROUND 


os 





What better proof could we give of the extra precision 
we put into our mouldings? We specialise in difficult 
jobs requiring extra care, extra quality, extra 
precision. Mouldings by compression, transfer and 
injection in Thermosetting and Thermoplastic 
materials. 


Four Factories at your service Some of the machines in our Injection Moulding Shop. 


E. E L LIOTT LIMITED, Head Office and Works : 315 Summer Lane, Birmingham, 19. 


Telephone: AST Cross 1156-7-8-9. 
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‘VARIAC’ 


range and ratings 


at voltages near to the input 
voltage, or near zero, since at 





The variac is the original on- 
load infinitely-variable voltage- 
adjusting transformer, and the 
only one employing “‘DURATRAK” 
(Reg’d.) i.e. tracks treated in 
accordance with U.K. Patent No. 
693,406, which produces a coat- 
ing of precious metal alloy on’ 
the brush track, eliminating the 
possibility of deterioration due to 
oxidation, much reducing con- 
tact resistance, ensuring increased 
life and economy in maintenance, 
and improved resistance to acci- 
dental short-circuits or serious 
termporary overloads. 

All variacs have two current 
ratings. The Rated current is 
limited by the heating of the core: 
this amount of current may be 
drawn at any setting of the dial. 
The Maximum current rating is 
limited only by the current carry- 
ing capacity of the brushes and 
wire. This current may be up to 
55% higher than the _ rated 
current, and can be drawn only 


these positions there is little 
auto-transformation and _ core 
heating is therefore negligible. 


When the “overvoltage” fea- 
ture is used, or when the VARIAC 
is used to feed a load of varying 
impedance, the current is limited 
to the Rated current. 

Bearing the above facts in 
mind, the correct vARIAC for any 
particular application may be 
selected from the Table given 
opposite. Cut this announcement 
out and use it as a rapid selection 
guide. 

For complete, profusely illus- 
trated data on the entire line 
of l-phase and 3-phase and 
“special” VARIAC Transformers, 
request our new 3-colour Bro- 
chure Form 424-UK, as well as 
our special Price List Form 
VSP-56/16. Your request should 
be sent to our nearest works. 


























CURRENT RATINGS (Amperes) 
“VARIAC™ 
GENERAL 115 v. OPERATION 230 v. OPERATION 
Classification Rated Maximum Rated Maximum 
(0-135 v (0-115 v (0-270 v (0-230 v 
Output) Output) Output) Output) 
200-B 1.0 1.5 _ ai 
V-2 2.0 3.0 _ “ 
V-5: V5-H 5.0 ta 2.0 26 
V-6: V6H 6.0 7.5 3.0 3.75 
V-10: V-10-H 10.0 13.0 4.0 5.2 
100Q: 100-R 15.0 17.5 8.0 9.0 
V-20: V20H 20.0 26.0 8.0 10.4 
V-30-H = 15.0 17.5 
50A: 50-B 40.0 45.0 20.0 31.0 
M-2 2.0 3.0 
M-5 5.0 7.5 For use on 350-1200 c/s. 
M-10 10.0 13.0 
60-V 5.0 7.5 For use on 400-2600 c/s. 











This table refers only to single 
winding toroidally-wound VARIACS 
and does not include double wound 
types (Types 70 and 80) or ganged 
assemblies, or 3-phase types, etc. 








Slaude Lyons Mtd. 


76 OLDHALL STREET - LIVERPOOL 3° LANCS. TEL: CENTRAL 464! 
VALLEY WORKS - HODDESDON - HERTS. TEL: HODDESDON 3007 








Make sure you have a copy 
of the latest 1955 edition of 
publication 
“Permanent Magnets 
Television Receivers.” 
loud speaker magnets see 
publication P.M. 108. 


PERMANENT MAGNETS 
for TELEVISION RECEIVERS 








P.M. 112 
for 


For 








MADE BY THE DESIGNERS & MANUFACTURERS OF ECLIPSE PERMANENT MAGNET CHUCKS 
JAMES NEILL & CO. (SHEFFIELD) LTD. 

















SHEFFIELD 


11 


ENGLAND 
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Current Two-Channel D.C. Oscilloscope 


models are as follows: 

MODEL DE103 Wide band D.C. 10Mc/s in each 
channel with identical amplifiers. Versatile time base 
with calibrated sweep times from 0.2 second to 2.0 secs 
per 10 cm. 
MODEL DT103 High Sensitivity of 250 ,,V/cm pk-pk 
over frequency band D.C. 100 Kce/s, in two channels. 
Wide range time base 20 secs— 200 ,,secs per 10 cm 
calibrated sweep times. Sweep expansion on either one or 


two beams. Independent X shifts. 
MODEL DS103 A medium sensitivity version giving 
8 mV/cm over D.C. 200 Ke/s with similar time base 


facilities to the DT103. 


Whether the phenomena to be analysed are so massive 
that protective caution preoccupies the research worker, or 
so minute that patience and delicacy prevail, the Oscilloscope 


is an instrument that few laboratories can afford to be without 


If the phenomena are instantaneous pinpricks in time or if they 


are prolonged phases, the Oscilloscope will display them 
pictorially in an unmistakable manner, for perm- 
anent camera recording if needs be. Nosingle 
Oscilloscope can meet all research 
needs in their entirety, but some 


models now available may be used in 


The 


a wide variety of conditions. 
Nagard range of Oscilloscopes consists 
of some six models, each one designed for 
a particular group of research require- 
ments. It is worthwhile obtaining details 
of the Nagard instrument suited to your needs 
The illustration is typical of the 103 series of 


Oscilloscopes which may be supplied for 
bench mounting or complete on trolley, 


LIMITED 


Surrey. 


NAGARD 
Avenue Road, Belmont, 
Tel: ViGilant 9161/2 
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“ AIRMAX” Sr tenren”)60F. ANS 


TRADE MARK 
DESIGNED BY THE WORLD PIONEERS OF HIGH EFFICIENCY AXIAL FLOW FANS 


3)” DIA. FAN 





TYPE H5/88 9 
AVAILABLE FOR 


VOLTS Ph C/S R.P.M. 
230 l 50 2850 
6,120R24/28D.C. 5000 





DUTIES 


AT 5000 R.P.M. 34 C.F.M. .49” S.W.G. 
AT 2850 R.P.M. 20 C.F.M. .16” S.W.G. 





DIMENSIONS 


OVERALL LENGTH 6” 
OUTSIDE DIA. 33” 
FLANGE 4)” 4}” 


AN “AIRMAX’’ FAN PROBABLY EXISTS WHICH WILL MEET YOUR REQUIREMENTS—ASK US! 
A. K. FANS LIMITED *ii03.""° 
+ = LONDON, N.W.3 
Telephone PRIMROSE 5969/9995 
ON ADMIRALTY LIST A.l.D. & A.R.B. APPROVED 








X 
\ 
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These screws 


are made 
. \ from 


Made in Nylon Atoo material, 
these new screws will ease a great many 
production problems in electronic 
and electrical engineering. They have an 
extremely high abrasion resistance and a 
dielectric strength of 140-160 kV/cm 
at 25 degrees C. 


Full techmcal information freely available on request. 


made specially for scientists by 


GUEST KEEN & NETTLEFOLDS (MIDLANDS) LTD. Box 24, Heath Street, Birmingham 18 s/m/30s3 
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Permalloy ‘F’ is particularly suitable for 
MAGNETIC AMPLIFIERS —SATURABLE 
REACTORS — MEMORY STORAGE DEVICES 
and other similar applications. 

It is supplied in the form of toroidal cores, fully 
heat-treated and protected by nylon boxes ready 
for winding. 


PEAMALLDY 


the magnetic 
material with 
optimum 
rectangularity 


Magnetic satura- 
tion at low field 
strength. Reman- 
ence almost equal 
to saturation. 


Srondard 


magnefie 
materials 


. Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
TELEPHONE LINE DIVISION: NORTH WOOLWICH - LONDON . €.16 
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Rau eee = =6ALLoY & SPECIAL 
STEELWORKS ro. for STEELS in all forms 


the basis of all your 
successful products 
TOOL PUNCH DIE 
HIGH SPEED STEEL 





























Reduce costly 
machining time 


use EXTRUDED | mele lele)-mal, | 
STEEL SECTIONS ” STEELS iro 





LMAS & FS/PPPS/28» 


















You should read this 






























The: 
part 
If you are interested in Progressive Practical Training 
co-ordinated with Post Graduate Studies. a 
proc 
to } 
Principal Activities 
AUTOMATION NUCLEAR PHYSICS 
CONTROL GEAR APPARATUS 
GAS TURBINES PROTECTIVE SYSTEMS 
GENERATING PLANT RADIO & ELECTRONICS 
GUIDED DEFENCE WEAPONS RECTIFIERS 
HEATING EQUIPMENT SCIENTIFIC APPARATUS Cont 
INSTRUMENTATION STEAM TURBINES 
MARINE APPLICATIONS SWITCHGEAR U.K. 
MINING TRACTION EQUIPMENT MO 
MOTORS TRANSFORMERS 
NUCLEAR POWER WELDING EQUIPMENT AD. 
‘ Al. 
To obtain a copy write to:— API 
THE MANAGER, EDUCATION DEPARTMENT, METROPOLITAN-VICKERS ELECTRICAL COMPANY LIMITED, 
TRAFFORD PARK, MANCHESTER, 17 
Member of the AEI group of companies 
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IN THE AIR 4x2 ON THE GROUND 


As actual manufacturers 
our library records of 69,000 different type 
connectors made over |5 years for the original 
M.A.P., M.O.S., Royal Navy, all main Aircraft 
constructors and various foreign governments 


















Quick reference can be made to identify 
and satisfy your exact requirements 


A.1.D. A.R.B. 1.E.M.E. 
Fully approved 


LONDON LTD 








We specialize in the manufacture of 


RADIO CONNECTORS 


Junction boxes, complete terminations, moulded 
connectors and inserts, aerial kits, wireless 
remote control units, insulator and 

similar assemblies, etc., etc. 


Test gear available for testing up to 10,000 voits 













E.R.S. Ltd. Brookwood Rd., London, S.W.18 Telephones and Telegrams: PUTNEY 3402/3/4 


These are YOURS 


These Engineers and Wiremen form 
part of a first-rate team ready to 
carry out development, pre- 
production and production 















to your requirements. 


Contractors to 




















cowinatry //u0N ELECTRONICS. 


FELTHAM 2922 & 3567 





LY 
“SEVELOPMENTS LTD/,.,,7=*VONe 





LION WORKS, HANWORTH TRADING ESTATE, HAMPTON ROAD, FELTHAM, MIDDLESEX 
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JAMES BOOTH & COMPANY LIMITED 
ARGYLE ST. WORKS: BIRMINGHAM - 7 


TGA 18G89 
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Materials for electrical 
insulation... 


Ssupely Shin at 


“PAXOLIN”™ and * PANILAX ” 


THE MICANITE & INSULATORS CO. LTD. 


The Micanite & Insulators Co. Ltd Empire Works, Wa!thams:ow, London, E.!7. Phone: Larkswood 5500. Telegrams: Mytilite, Easphone, London. 
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That crucial control 


THESE ARE OUR NEw research and 

chemical laboratories at Cheadle. 

Although we are proud of them 

we are showing them to you for 

another reason. What happens 

inside those buildings is important to you when you 
use our materials. 

It is a truism that the manufacture of nickel 
alloys (such as Nichrome*) is a complex and specia- 
lized process. It is also a process which can be fully 
understood and carried out only after many years of 
skilled experience. Indeed, there are few people in 
the world capable of producing such material to the 
required inexorable standards. 

Acquiring the “know-how,” slowly and pains- 
takingly, is, however, just a part of the story. The 
manufacture also calls for a high degree of precise 
control and exhaustive testing throughout the pro- 
cess. Apart from physical and mechanical tests in the 
works, there must be laboratory checks such as spec- 


> 


trographic and “wet” analysis, tests for grain size, 
thermal EMF, resistance, temperature coefficient, 
and life, on each batch of material from start to finish. 

For the close control of quality these checks and 
tests are imperative. Our new research and chemical 
laboratories, housing the most up-to-date and com- 
prehensive equipment, will ensure that the control is 
fully maintained in the face of expanding demand. 
And they will contribute greatly in providing answers 
to industry which continually needs new products 
and techniques. 


BRITISH DRIVER-HARRIS CO LTD 
MANCHESTER 15 


In the Mechanical Testing and Analytical Laboratories (shown 

above), the combination of human skill, modern techniques 

and the finest scientific apparatus safeguards the quality of 
the alloys we produce 


MUTI 


‘“* The greatest name in electrical resistance material ”’ 





*Registered Trade Mark 
R30 
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UNBRAKO SOCKET ateuew CO.,. 1 COVENTRY ENGLAND 
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KEB 
PACKS BEST 


**KEB’’ Wood Wool Moulds ensure complete protection 
from all transport hazards. ‘‘Keb’’ requires no special 
skill—its use or assembly is the quickest method of packing. 
The selected wood wool used is treated with a formaldehyde 
resin which prevents all mould growth, etc. Cartons are 
always supplied unless otherwise specified. We also supply 
to Ministry specifications D.E.F. 1234. 


“KEB” is the answer to your special packaging 
problems. “KEB” for Economy. Why not enquire 
further into the advantages of ‘‘KEB”’ against your 
present packaging? 


Illustrated 
Brochure 
sent on 
request 


EVANS 


NEWTON HEATH 


British Patent No. 695040 as, Telephone : Failsworth 2231 (10 lines) 
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MOULDED 


SAW MILLS - 


DECEMBER 


WOOD WOOL PACK 


BELLHOUSE LIMITED 


MANCHESTER 10 


Telegrams : “ Sawmills ’’ Newton Heath 











THE SUNVIC 


D.C. AMPLIFIER 


FOR THE 


LABORATORY 


The Sunvic D.C. Amplifier has been developed 


to fulfil the day-to-day need for accurate 





measurement of small d.c. ¢.m.f’s in thermocouple 
and strain gauge work in the laboratory. Having 
no moving parts other than a vibrator, it is 

robust and extremely reliable. By providing a 
source of standard voltage from a Sunvic 

D.C. Reference unit type R.U.1 to back-off the 
e.m.f. of the measuring element and feeding 

the out-of-balance voltage into the amplifier, it is 


possible to record the deviation from a desired 





value. The Sunvic D.C. Amplifier is only 





one of a wide range of control and measurement 


WAAAY 


equipment, details of which will gladly be 





sent on request. 





ZERO STABILITY 


After stable operating temperature has 
been reached in the amplifier, the long- 
term stability over 1,000 hours on 1/myv 
range is +1 microvolt. This assumes 
mains voltage will not vary by more 
than + 6° 








RANGES 


First position on the 5-position range 
switch is used for checking; further 4 
positions give full-scale deflection on a 
5-0-5 milliammeter for + 100 millivolts, 
+ 10 millivolts, + 1 millivolts and + 100 
microvolts in the standard instrument. 





SUNVIC) SUNVIC CONTROLS LIMITED 


(Scientific & Industrial Division) 


No. | FACTORY, TEMPLE FIELDS, HARLOW, ESSEX 


Telephone : Harlow 24231 Member of the A.E.1. Group of Compante 
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We hope so, because we like questions on insulation. 
We like to give you what you want, whether it is for electrical 
purposes only, or electro-mechanical applications. 


We can supply you with an ideal low tension insulation material on 
the one hand, or intricate mica insulations to cope with very high 
thermal conditions plus a very high degree of electrical insulation, as 
in Radio valves and Cathode ray tubes. 


We specialise in every form of electrical insulation and there is a 
DELANCO material for every application in this field. 
Just a few of the DELANCO materials :— 
BAKELITE SHEET, /aminated in paper base and fabric. 
VULCANISED FIBRE IN SHEET TUBE AND ROD 
LEATHEROID, PRESSPAHN, GLASS FIBRE, SLEEVING 
SELF ADHESIVE TAPES. 
All are in the DELANCO catalogue, but for the quicker service ring 
our Sales and Service Department. 
Let us have your question—you’l/ get the right answer and the right 
sort of service. May we hear from you? 


Dependable 


Yelonceo 


P.S.—Not only materials, but a whole range of machined and 
processed parts in all materials to your drawing or specification. 


ANGLO-AMERICAN VULCANIZED FIBRE COMPANY LTD. 


CAYTON WORKS - BATH STREET - LONDON, E.C.1 - CLE 3271 - Grams: ‘‘PROMPSERV’’, London 


RA 
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The T.V. Tuner with a 
PROUD PEDIGREE 


TRADE MARK 


“WELL 


Offers complete interchangeability of coil loading. TESTED 





Gives consistent performance in current receiver production. Will give WELL 
equally good performance in subsequent channels to be loaded for new TRIED 
stations as they become operative. 


Covers 12 TV or FM channels in the 50-220 Mc/s frequency range. WELL 
Priced according to the number of channels initially loaded. TRUSTED 


Allows for batch sequence channel loading, i.e. the required channels can be 
loaded in any order to obviate the need for switching through channels not 
required. 


Provides easy alignment and Dealer maintenance. 


Full technica! details and specifications gladly sent on application. 


Cyldon products have an enviable reputation for long life and reliability. They 
save time in assembling and testing, and after-service work is reduced to a 
minimum. 

We will be pleased to help you with your radio and electronic problems. Our 
comprehensive resources and specialised experience are at your disposal. 


SYDNEY — ae = So. oD 


7: eo 2 ae oo Py a tae mae ae 





Contractors to Ministry of Supply, Post Office, and other H.M. Government Depts. 


Address for enquiries and sales correspondence :- 
London Sales & Technical Liaison Office, 3 Palace Mansions, Palace Gardens, Enfield, Middx. 
Telephone : Enfield 2071-2. Telegrams : ‘* Capacity-Enfield *’ 
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The finishing touch 
to a quality product! 


NAMEPLATES 
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PE SLI, Bt). PP 
MACHINE ENGRAVING 


This service is available to customers calling for 
small quantities or where plates are required for 
prototype prooucts or equipment 








As actual makers we offer you precision to match 
your own, in a wide range of finishes in all non- 
ferrous metals and other materials. 


GRAVURE CO.LTD. 
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what’s METALLIC? 


You'll seldom see it, but in many a school or factory, 
hospital or housing estate, METALLIC conduit and 
fittings plays a prominent, if under-cover, part in the 
electrical installation. And why is METALLIC so often 
specified? Because architects and contractors alike know 
that METALLIC is reliable, really long-lasting. Strongly 
made from good materials, it’s specially treated to resist 
moisture, chemicals etc., while consistent accuracy cuts 
installation time to a minimum and avoids wastage. 


Wherever you go you'll find 


conduit and fittings by 


Me LALLIG 


THE METALLIC SEAMLESS TUBE CO. LTOD.. 
LUDGATE HILL, BIRMINGHAM, 3 


and at London, Newcastlé-on-Tyne, Leeds, Swansea & Glasgow 
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THE LEVEL BEST.... 


remote indication and control equipment 
by EVERSHED 


Yet another example of the successful operation of Evershed remote 
indication and control equipment is the recent installation at the 
Thingoe Rural District Council’s Rushbrooke Pumping Station. 

A telemeter water level transmitter is installed at the water tower and 
is connected by a two wire Post Office telephone line to the Pumping 
Station some four miles away, where a cubicle housing the level 
indicator, graphic water level recorder and pump control relay is 
situated. 

Adjustable high and low level contacts are provided on the pump 
control relay which operate an internally mounted power relay. The 
pump is thereby automatically controlled to maintain level in the 
water tower. 

The pump feeding the water tower draws its supply from a surface 
tank where the level is maintained by ‘“Noflote’ Control apparatus. 
Supply of water to this surface tank is provided by a borehole pump 
Which is also controlled by “‘Noflote’ apparatus. 


Full details of Telemeter and ** Noflote’ equipment 
are available in Publicatian EE/283 and EE/234. 








NOFLOTE EVERSHED & VIGNOLES LIMITED ACTON LANE WORKS, LONDON, W.4 


Telephone: Chiswick '3670 @ Telegrams and Cables: Megger, London, Telex 
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Four Finger Relay Board 
currently manufactured 
for Messrs. igranic Ltd. of 
Bedford. Machined from 
Synthetic Resin Bonded 
Paper Laminate to BSS 
1137 Type ! 


INSULATING COMPONENTS X MATERIALS LTD. 


WILLOWBROOK ROAD + PECKHAM - LONDON 
Tel: Rodney 5533/4 


A recent large addition to our manufac- 
turing capacity enables us to offer our skill, 
at machining and fabricating laminated 
plastics to YOU. Your enquiries for Cap- 
stan and Centre lathe turning, routing, 
drilling and press work will receive our 
careful and prompt attention. Our Tech- 
nical Sales staff are always at your service 
offering the same close individual attention 
to your requirements whether they be of 
the complex nature illustrated or the 


humblest orthodox stamping. 


S.E.15. 











CARTER 


hydraulie 
INFINITELY VARIABLE SPEED GEARS 


‘A’ TYPE GEARS 1°65 H.P. TO 35 H.P. 
‘F’ TYPE GEARS 0-25 H.P. TO 3-0 H.P. 


VARIABLE SPEED DRIVES 
FOR EVERY INDUSTRY 


Carter Gears are available with Hand, Electric Remote, 
or Lever Controls, and these are fully adjustable with the 
drive RUNNING or STATIONARY. The Gears may 
be used to pick up a load from ZERO r.p.m., and are 
particularly suited to drives requiring automatic control 
arrangements. 





FOR FURTHER DETAILS WRITE FOR FOLDER EE/1I2 


Telephone: Bradford 64378 


CARTER GEARS LTD. sBrabdFOrRD 3, YORKSHIRE, ENGLAND. yarcbhore: ysere steed, Telex. 
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Actual output of large finished prints is far more important to the busy 
print room than theoretical claims about maximum operating speeds. 
Viewed from this angle, the performance of the AZOFLEX Model 46/35 
Combine Printing and Developing Machine is altogether outstanding, for 
it is capable of turning out prints at a rate well in excess of 1,000 Double 
Elephants a day, year in and year out. Exposure, development and print 
delivery are all synchronised for an even flow of finished work and 
optimum quality is always ensured because Azoflex is the only photo- 
printing process to apply the correct quantity of developer, irrespective 
of running speed. In addition, the process is free from unpleasant fumes 
and requires no complicated ventilating system. 


For use with the Model 46/35 and other machines in the Azoflex range, 
there is a wide choice of high-quality Azoflex materials designed to meet 
every photo-printing requirement. 





\ = 


phants 


x \ 





AZOFLEX MODEL 46/35 


Synchronised printing and 
developing machine. Capacity: 
cut sheets and rolls up to 42 in. 
wide. Printing speed: from 2 ft. 
to 30 ft. per minute. Dimen- 
sions: height 58 in. depth 60 in., 
width 72 in. Weight 1,100 lb. 
Price £1,555 including delivery 
and installation in the U.K. 


Enquires to: Ilford Limited, 
Azofiex Sales Department, AZ7G, 
104 High Holborn, London, W.C. + 
Telephone: HOLborn 3401 





ILFORD 








PHOTO-PRINTING MACHINES AND MATERIALS 





| Ba 
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i 
Furnaces 


For the special purpose furnaces required in elec- 
tronic work the majority of leading manufacturers in 
the industry have turned to Royce. Being specialists 
in furnaces for individual requirements, Royce have 
wide experience in adapting proved basic designs to 
the particular processes of different manufacturers. 
However unusual the application, Royce will be 
pleased to submit a drawing and specification, and 
will readily co-operate with customers, in strict 
confidence. 

Royce equipment ranges from low temperature ovens 
to furnaces operating at temperatures up to 2,000 C. 
May we discuss your heat treatment problems 
with you? 


specially designed 
for the 


electronic 
industry 











Platinum and platinum/rhodium tube 


High temperature hydrogen tube furnaces furnaces with impervious inner tubes 








Silicon carbide resistor furnaces for 
batch or continuous loading 


Bell type furnaces for use with 
controlled atmospheres or vacuum 


Sse ee 





i 


ROYCE ELECTRIC FURNACES LTD 


é Tel. Walton-on-Thames 2577/8 
Sir Richards Bridge, Walton-on-Thames, Surrey 





Lo 
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Supplying clean air to the most stringent, 
or the most modest specification, is a 
major part* of our business. For every need 

within the Electronics Industry (product or production- 
wise) we can supply the right type of filter from our 
very wide range (a selection of which is listed). From 
the combined experience and resources of ACI and our associates, 
American Air Filter Co. Inc., has come the most comprehensive range of 

air filtering equipment available from any one single source. The benefit of that 


experience and those resources are yours—in full; why not get in touch with your nearest branch ? 


* We are specialists in every form of air treatment—and in harnessing 
air to work for industry. Our small blowers, in particular, are more 
widely used than any other make by the Electronics Industry. 

+ PL-24 tt 
A dry filter employing an inexpensive throw-away medium. Compact: easy to 

maintain. ——~_| 

+ ELECTRO-PL 

A dry type electronic precipitator of similar constructional design to the PL-24. 

+ ELECTRO-KLEAN 

A compact electronic filter for the smaller installation. 

+ MULTI-DUTY 

A positive self-cleaning viscous impingement filter with very high efficiency 

+ AIRMAT 

An industrial dust collector employing various types of filtering media to suit 
conditions. 

+ AMER-GLAS 

Thermo-plastic bonded glass wool replaceable unit filters for general use in all 
industrial air conditioning, ventilating and heating projects. 

DUSTRAP 

A complete range of throw-away and cleanable filters in standard size frames. 


LFO 
A viscous impingement type filter for manual cleaning. 





+ ACI are the exclusive manufacturing licencees in Great Britain for products of the American Air Filter Co. Inc. 


AIR CONTROL FE) 


INSTALLATIONS LIMITED 
Ruislip -« Middlesex - Ruislip 4066 


London Welbeck 1306 Birmingham Midland !165 Manchester Central 0679 Newcastle Whitley Bay 23046 Glasgow Centra/ 2923 
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A new high speed jet recorder — 








MINGOGRAPH 230 





OSCILLOGRAPH 


A unique direct writing principle offering linear 
frequency response to 500 c/s and producing a 
curve written in 


RECTANGULAR CO-ORDINATES 





Other features include : 


Built in Amplifier sensitivity. 
Demonstrations arranged without obligation AC (Time Constant=2 secs) 
Write for full details to 1 m V/cm 


DC 100 m V/cm 
Paper Recording Speeds 
5» Iy 25 5) 10 and 20 cm/sec. 


SIEREX LTD., 241 TOTTENHAM COURT ROAD, LONDON, W.! 
Telephone : LANgham 2464 

















‘SENSITIVE...ACCURATE... RELIABLE 


HY ZEE 
ELECTROMETER 
VOLTMETER 
SPECIFICATION 
Ranges: 0—10, 20, 50, 100, 200, A precision instrument, developed from 


the well-known ‘Farmer’ cathode follower 
circuit, the HYZEE Electrometer-Volt- 
meter may be used for a wide range of 
D.C. electrical measurements. It is highly 
sensitive, accurate and completely reliable. 
The input resistance is approximately 
10" ohms. 

Ask for Leaflet No. E-116. 


BALDW 


Lif task ic instruments 


500 volts—either polarity. 
Accuracy: + 1|.25% of scale reading. 


Zero Drift: Less than !% of full scale 
deflection per hour after 
five minutes warming on 
10 volt range or less on 
higher ranges. 


Mains: + 10% deviation from the 
nominal mains voltage will 
affect the zero and calibra- 
tion by less than 0.2 V. on 
all ranges. 


Power Supply: 
200—250 volts 50 c/s. 





BALDWIN INSTRUMENT COMPANY LIMITED - DARTFORD - KENT - Tel. 2948 (3 lines) 
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Aluminium Alloy 
Sand Casting 
Weight 664 Ib. approx. 





C and L Hill Ltd would welcome your enquiries for Non-Ferrous Sand Castings, Brass, Naval Brass, 
Brazing Metal, Gunmetal, Phosphor Bronze, Aluminium Bronze, High Tensile Manganese Bronze, 
High Conductivity Copper, “Hilchil” Chill Cast Phosphor Bronze Bars, Cored and Solid. Sand 


(i) Wick and Hanchome Cusling Servic 





By the courtesy of 
Messrs. Scanners 
Limited 


Castings in all Aluminium Alloys. Aluminium Gravity Die Castings. 


Castings for Radar. 


Hill facilities include 


Wood and Metal Pattern Shop Fully Approved Laboratory and Test House with Inspection 
Organisation. Facilities for Radiology. Specialists in Development and Quantity Production of 


Design your Castings for SHELL MOULDING and save Machine Shop costs. 


MEMBER OF THE OWEN ORGANISATION 


You can support the B.R.M. through the O.R.M.A. 
(Owen Racing Motor Association) Members 
£1. 1. 0. per annum. Associate Members 5/-. 
Car Badge (full members only) £1. 10. O extra. 
Full details from: THE SECRETARY, ORMA. 
KENT HOUSE, MARKET PLACE, OXFORD 
CIRCUS, LONDON W.1. Tele.: Museum 8901-6 
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Tel : Willenhall 227 (4 lines) 


S@ C&L BILL LTD 


Stringes Lane, Willenhall, S. Staffs. 


Branch Works : Wednesfield Road, Willenhall. 


Both our Foundries are available for Prototype Work. 
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THE STANDARD OF QUALITY 








Permanent 
ba Magnets for 
Specialised 


Industries 
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Well known as one of the largest 
manufacturers in the country of 
permanent magnets, we are con- 
stantly taking a leading part in 
the development of the industry. 
The most modern equipment 
has been recently installed— 
including a vacuum furnace for 
the sintering of permanent 
magnets—thereby enabling us 
to maintain our lead in this 
industrial field. 
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PRODUCTS ) 








For a quarter of a century we have been supplying Eyelets, 
Solder Tags, Terminals, Flat Brass Strip Wires for Capacitors (with 
or without the eyelet combined), Valve Top Caps, etc., to the Radio 
and Television industry, and numerous TUCKER products are now 
standard components throughout the trade. 


We now welcome enquiries from the ELECTRONICS INDUSTRY 
for small metal pressings or piece parts, and willingly place at the 
disposal of its designers and research staffs the resources of our 
Technical Department and our many years of experience in this type 


of work. 
Geo. TUCKER EYELET Co. Ltd., Walsall Rd. BIRMINGHAM 22 
Telephone: BiRchfields 5024 (7 lines) Telegrams: EYELETS BIRMINGHAM 
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MAGNETOMETERS eer ELECTROMAGNETS 
INSTRUMENTS 


FERRITE and METALLIC CORES 2-15 mm. 


We are Pioneers in Winding, Mounting and Potting Cores 




















@ OUR EXPERIENCE COVERS WINDING DOWN TO 50 SWG. 
@ MOUNTINGS AS PLUG-IN AND WIRED-IN UNITS. 
@ THE ENCAPSULATION OF THE WHOLE OR PART CIRCUITS. 


@ ASSEMBLING WITH/WITHOUT OTHER COMPONENTS _IN 
SPECIAL AND PRINTED CIRCUITS. 


Our Unique Experience Backs Our Quotations for Experimental, Prototype and Production Runs 


NEWPORT INSTRUMENTS (Scientific & Mobile) LTD. 


NEWPORT PAGNELL, BUCKS. Telephone : 401/402 











Another DALY Electronic Achievement 


CAPACITORS IN REDUCED SIZES WITH 
FULL VALUES AND WORKING VOLTAGES 


SEND NOW for new leaflets with up-to-date 
information on this new range of capacitors. 


DALY has succeeded in maintaining full capacity values and 
working voltages in more compact designs specially suited to 
ultra-modern equipment. 

PHOTO-FLASH EQUIPMENT DEAF AIDS PRIVATE TELEPHONE 


INSTALLATIONS + AMPLIFIERS + D.C. POWER UNITS + SPOT 
WELDING EQUIPMENT « TEST GEAR - MAGNETISATION EQUIPMENT 


Behind DALY capacitors lies 20 years of making only electro- 
lytics, highly specialized experience which engineers throughout 
the world are finding invaluable, and which is readily 
available to you. 


DALY 


ELECTROLYTIC CAPACITORS — 


CONDENSER SPECIALISTS FOR OVER 20 YEARS 









































DALY (CONDENSERS) LTD., WEST LODGE WORKS, THE GREEN, EALING, LONDON, W.5. Phone: EALING 3127-8-9. Cables: DALYCON, LONDON. 
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Console Cabinets 



















OUR DESIGN and Development Departments 
are actively engaged in solving CABINET problems. 
We illustrate a CABINET designed and 
manufactured for Government Departments 

for Teleprinter Receiving Equipment. CABINETS 
are designed to our Customers’ specific require- 
ments and, if required, completely wired and 
finished to individual taste. 


She 
QWEK EQAUIPMEN 


COMPANY LIMITED. 


] 





Kingsbury Works, Kingsbury Road, London, N.W.9. 






We welcome your enquiries and we are only 
too pleased to offer every assistance with your 
Cabinet and Console problems. 


Tel: COLindale 6196/7/8 








DHB/215! 

























DISTRIBUTION & POWER 


L AIR s OILCOOLED TYPES|| Sts 
Good Deliveries |S 
Clean Design & Finish 


Competitive Prices . . 

























The TRANSFORMER & ELECTRICAL (°E° 


MANUFACTURERS OF POWER TRANSFORMERS UP TO 100 KMA etc. 


HONYWOOD RD., BASILDON, ESSEX. 


C.S.A. Approved - Catalogue on Request— Contractors toH.M.Government 
TELEPHONE’ BASILDON 20491 -3 
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AUTOMATIC COIL WINDING 
MACHINE 
Type Al/I. (25-50 S.W.G.) Type Al/X. (19-46 S.W.G.) 


This machine is the most modern on the market and it 
possesses many exclusive refinements including : 


@ Dustproof construction throughout. 


@ Provision for winding upto four coils 
simultaneously. 









@ Micrometer traverse setting. 


@ Wire Gauge Indicator engraved with 
various wire gauges to which the 
machine can quickly be set. 


@ All steel parts are either cadmium 
or chromium plated. 


e di 
r 





@! re-set 
up to 100,000 Turns. 


@ Entirely new Wire 
Tensioning Stand 
to hold two reels 
of wire. 


We will be pleased 

to send you an illus- 
trated leaflet giving a 
full technical specification on request. 


Kelectnic [ro 


73 UXBRIDGE ROAD, EALING, 
LONDON, W.5 
Ealing 8322 








DECEMBER 1956 





[8 


ve 


6/7/8 


— 
48/2151 





56 





Extensive tests with various new cathode materials, 
including Wiggin High-Purity alloys produced by powder 
metallurgy, have recently been carried out by the G.P.O. 
The object of this research is to extend the life of valves 
used under difficult conditions — such as repeater valves 
for the new trans-Atlantic telephone cable. A description 
of these interesting experiments, together with a useful 
list of scientific papers on related subjects, is published in a 
recent issue of ‘Wiggin Nickel Alloys’. 













OTHER FEATURES IN THIS ISSUE INCLUDE: 
e Radio-frequency power valves e Nimonic go in a veteran car 
e Strip-wound coils for transformers e@ Protecting bottled goods 


News of developments in electronic engineering and associated fields appears regularly 
in ‘Wiggin Nickel Alloys’. It is sent, free on request, to all who are interested. 
May we send you a copy ? 


*Nimonic’ is a registered trade mark 
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To Henry Wiggin & Company Limited 
Wiggin Street, Birmingham 16 


Please send me a copy of ‘ Wiggin Nickel Alloys" No. 39. 


NAME 





ADDRESS, 








COMPANY 





EE 
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AN sist Lie amu aleici, am: a COMPANY LIMITED wicain street - BIRMINGHAM 16 


TGA WNAZ 
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FOR HIGH QUALITY 


CTRONIC MINIATURES 


Make contact with Ardente Acoustic Labora- 
tories Limited, for details of high-quality 
Miniature Earphones, Transformers, Switches, 
Volume Controls; also of the widely-known 
ARDENTE Hearing Aids. 


SUB-MINIATURE 
TRANSFORMER 


al 













SIZE 
425" x -530” 














ma 












Of robust construction; its unique design of laminations 
enables Transformer characteristics to be closely controlled, 
despite its small size. Weight: -12 ozs. Lead-out wires 
are colour coded for phase sense of windings applications. 


Specially designed apparatus, capable of detecting one short- 
circuited turn of 50 SWG in 5,000 turns, is used in manu- 
facture to safeguard against premature failure caused by 
electrolytic action on the fine wire at short-circuited points. 










A comprehensive range is available. A typical example is 
a Transformer with primary inductance of 100 Henries with 
no D.C. in the winding. The graph shows variation of 
primary inductance with D.C. in a similar unit. 







Special designs of Transformers are produced to meet 
individual requirements. 






THE MINIATURE EARPHONE 
will be featured in a following advertisement; 
details will gladly be sent on request. 


~ = ELECTRONIC 
AR DE NTE components 
J “Sa Details on request to 


ARDENTE ACOUSTIC LABORATORIES LTD. 
8-12 Minerva Road, North Acton, London, N.W.19 


Telephone: ELGar 3923 (5 lines) 
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SOLDERING EQUIPMENT 
by 
DCOL 


(Regd Trede the rt) 


i 
\ 
4 
} 
} 
; 
i 


(iMustrated) 
ig” DETACHABLE 
BIT MODEL 
(List No. 64) 


& 
PROTECTIVE 


SHIELD 
(List No. 68) 





Supplied or all Voltages. Designed for Factory Bench Line Assemb 
Radio T.V., Deaf Aid etc. 


Write for Catalogues: 
Sole Proprietors & Manufacturers 
ADCOLA PRODUCTS LTD., 


GAUDEN ROAD, CLAPHAM HIGH STREET, LONDON, S.W.4. 
Telephone: MACaulay 3/0! & 4272 
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Britain Instruments New 
Swiss Reactor P.34 ~~ 
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Isotope Developments Limited " 
have been appointed Consultants to 
Landis & Gyr A.G. on the first 
materials testing reactor to 

be built in Switzerland by 
REAKTOR A.G. I.D.L. will supply 
all nucleonic equipment. 
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ISOTOPE DEVELOPMENTS LIMITED 


Laboratories and Works: BEENHAM GRANGE, ALDERMASTON WHARF, 
Nr. READING, BERKS. Telephone: Woolhampton 451/3. 


London Office: 120 MOORGATE, LONDON, E.C.2. 
Telephone: METropolitan 9641. 


ISOTOPE 


DEVELOPMENTS LTD. 
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and the Carpenter Polarized Relay 


The problem of preserving the correct time relationships in the Therefore, if your project involves High-speed Switching, details 
operation of remote switches by short-duration d.c. impulses, is of the Carpenter Relay’s performance cannot fail to be of value 
effectively solved by the Carpenter Relay which is highly sensitive to you ; and you will find much to interest you in our Brochure 
and operates at high speed with the minimum of contact bounce. F.3516, “* Applications of the Carpenter Polarized Rela 

It is equally efficient whether it is a question of operating the Write us, or telephone, now. 


switch directly by closing a mechanical contact in the energizing 
circuit (as in the simpler remote control systems), or by the 
consecutive operation of many relays in complicated electronic 
switching units (as in the latest radar systems). 

The ability of the Carpenter Relay to operate quickly on extremely 
short impulses has facilitated the development of electronic 
counting circuits (analogue computors) requiring a rapid change- 
over contact for comparing two different voltage levels—the POLARIZED 
construction of electronic stimulators for physiological treatment RELAYS 
and biological research, requiring the availability of several 

electrical pulses with adjustable time relationships—and high- 


speed Telegraph and Teleprinter equipment. 
Vanufactured by the Sole Licensees: - 
TELEPHONE MANUFACTURING CO. LTD 


Contractors to the Government of the British Commonwealth and 
other Nations. 
HOLLINGSWORTH WORKS . DULWICH LONDON S.E.2! 
TELEPHONE: GIPSY HILL 2211 






CARPENTER 
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Make sure they are 


DAVU FLEXIBLE MINIATURE 


+ TRADE MARK 


— ELECTRICAL CABLES 


*“‘DAVU”’ Miniature Cables are available in a 
wide variety of sizes and types for use on all 
Electronic Equipment. L.T. Conductors are 
PVC insulated and suitable for voltages up to 
440 RMS, while the H.T. Conductors are 
Polythene insulated and suitable for voltages 
up to 2,000 volts RMS. 


Each coil of cable is constructed and tested in 
full compliance with the requirements of the 
Ministry of Supply and Ministry of Defence 
specifications, and if desired, A.I.D. or A.R.B. 
Released. 

Write or ’phone for details of available stocks 
and Technical information to the manufacturers: 


“DAVU” WIRES & CABLES (Est. 1900) 


HARROW MANOR WAY, ABBEY WOOD, LONDON, S.E.2 
*Phone: WOOLwich 7036/8 Grams. DAVU, WOL. LONDON 





HEAT-TREATMENT 
SCORE MARKS 
SCUFFING 
GALLING 


‘—<—m ELIMINATED 
a. 


ST. ANDREW'S ROAD 
HUDDERSFIELD ENGLAND 
HUDDERSFIELD 6263/4 









N.C. ASHTON LTD. 


CW 2575 
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ossees UP TO 2 kW 


FREQUENCY RANGE... .2 Kc/s to 2 Mc/s 


MULLARD LTD 


DECEMBER 


1956 





HLF. 
POWER 
TRANSFORMERS 


H.F. power transformers of outstanding efficiency 
are the latest addition to the Mullard range of high 
quality components designed around Ferroxcube 
magnetic cores. 

Utilising the unique characteristics of Ferroxcube 
to the full, Mullard H.F. transformers are smaller, 
lighter, and less costly than transformers using 
alternative core materials. These advantages are 
particularly marked in transformers required to 
handle powers of up to 2kW, between the frequency 
range 2kc/s to 2Mc/s. 

Mullard transformers are already finding wide use 
in applications as diverse as ultrasonic H.F. power 
generators and aircraft power packs operating froman 
aircraft’s normal A.C. supply. In the latter applica- 
tion, the low leakage field of Ferroxcube can eliminate 
the need for external screening, thereby reducing the 
size and weight of the transformer even further. 

As with all Mullard high quality components, 
these H.F. power transformers are designed and built 
to engineers’ individual specifications. Write now for 
details of the complete range of components available 
under this service. : 





‘Ticonal’ permanent magnets 








COMPONENTS DIVISION 


Mullard 633 «~:~ 
Ferroxcube magnetic cores 
MULLARD HOUSE TORRINGTON PLACE - WCr 

MC t 
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Limpod Coustant 


DELAY NETWORKS 










* CONSTRUCTION: 

L/C type, with coils wound on slotted low loss formers. 
Silver mica capacitors of 2 per cent. tolerance. 

* FINISH: 

Resin-cast, for long-term stability. 

% RANGE: Up to 10 yz sec. 

% ACCURACY + 2% 

% INSULATION RESISTANCE: Greater than 100 megohms. 

% WORKING VOLTAGE: All types, 750 V. peak. 

% FIXING CENTRES: 34 x 6 B.A. clearance for standard types. 


larly delivery of stanalarcl Lypes 


Enquiries invited for special types 
PRICES ON APPLICATION 


ATKINS, ROBERTSON & WHITEFORD LTD. 


INDUSTRIAL ESTATE, THORNLIEBANK, GLASGOW Fully detailed leaflet on request. 
Telephone: GIFFNOCK 1031/2 Telegrams: ““ATROWHIT, GLASGOW” 


LONDON OFFICE:- 53 Victoria Street, S.W.1. ‘Phone: Abbey 4704 











—— 
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Silicone Elastomer-covered 


Woven Glass Braid 
G/. ASS B TQ 7 for additional mechani- 


cal strength. Withstands 
ain, ita temperatures of 500°C. 
Advisory Service 


wo 
) (i) Te the protection 
If you have an electrical {fj 


“*Symel”’ Silicone Elastomer | insulation problem, send fj 


High electric strength from minus 60° C rae y 


3 to plus 180°C, continuous operating will be pleased to give 
; temperatures. you expert service. 


Hy This new “Symons” 

sleeving is made in 
eleven colours, in sizes 
from mm. to Smm. 
bore, with 4mm. and 
3mm. wall thicknesses. 





TF 


— 


Symons’ 

















mus 




















H. D. SYMONS & COMPANY LIMITED = = } 


Park Works, Kingston Hill, Surrey Tel: Kingston.0091 Grams: Insulation (Phone) Kingston-on-Thames 
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/ MINIATURE (GLASS) 


L.562 (%” x %&”). These miniature fuse links have 
been manufactured for a considerable number of 
years. They give reliable service in ratings between 
50 mA and 7A. They are designed to blow within 
0.5 sec. on 100% overload. The glass body is 
colour coded and the rating is marked on the 
nickel-plated caps. 


*BELLING-LEE” 


FUSE-LINKS 





H.R.C. (CERAMIC) 


These high rupturing capacity fuse-links comply with the 
requirements of R.C.S. 261 and B.S. 88—made in two 
sizes, and a range of seven ratings in each size, as follows:— 
L.693. 14” x }”. Ratings: 0.25, 0.5, 1, 2, 3, § & 7A. 
Category of duty: B.S. 88, a.c.q4. 440V. a.c. at 55 C. 

L.754. 3” x i”. Ratings: 0.025, 0.050, 0.100, 0.250, 


0.500, 1 & 2A. Category of duty: B.S. 88, a.c.2 & d.c.2., 
250V. a.c. and 230V. d.c. at §5§ C. 








GREAT CAMBRIDGE ROAD 


Telephone : Enfield 3322 


DECEMBER 1956 (0) 


All ‘‘Belling-Lee”’ fuse-links 
undergo full inspection, 
and blowing tests 
are constantly carried out 


on 1% of production 


ENFIELD, MIDDX 

















*“MAG-NICKEL’ DELAY FUSE : 


now available up to 750 mA. 


L.338. Our well-known range of ““Mag-Nickel” delay 
fuse-links are now available up to 750 mA. These fuses 
conform to the dimensions (1}” x }”) and blowing require- 
ments of the standard L.1055 fuse, but can withstand a 
surge current of 10/30 times their rated current for a period 
not exceedirg 0.01 second, without shortening of their 
normal length of life through embrittlement. Available in 
250 mA (brown), 500 mA (yellow) and 750 mA (green) 
ratings, the colour coding conforming to B.S, 646(B). 


“MINIFUSE’ MINIATURE 


(CERAMIC) 


L.754. These miniature fuse-links measuring only 
8” x #,”, are available in ratings of .o10, .o15 and .025 A. 
They are primarily designed for the protection of small 
meters; also test and laboratory gear, etc. 

‘‘Minifuses” are designed to carry their rated current 
indefinitely and blow within 0.01 sec. at 3} times their 


rated current. 
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ENGLAND | 


- Telegrams: Radiobel, Enfield 
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new second edition 





INFORMATION 











THEORY 











AND ITS ENGINEERING APPLICATIONS 
By D. A. BELL, M.A., Ph.D., M.LE.E. 





Information theory is the science underlying 

all exchange of information, and is of special 
importance in the development of 
telecommunications and automatic control systems. 
In this new edition the chapter on “ Coding” 

has been considerably enlarged and a new chapter 
on “ Decoding”’ has been added. 

A straightforward presentation of the subject. 
From booksellers, 25/- net. 


TWO STEP MAGNETIC RELAY 
for TELECOMMUNICATIONS 


For Telecommunications and Electronics Engineers, this 
Two Step Relay, by replacing two single Relays, can 
effect savings of up to 50% in relay costs. 

Twin wound coil with light and heavy step operation. 
The margin of difference between the two operating cur- 
rents of any Relay is sufficient to prevent false operation 
under all circumstances. 

Up to six sets of Change-over and eight sets of Make or 
Break Contacts. 

Heavy Duty Contacts in Elkonite or Tungsten as required. 
Coils wound 1—100,000 ohms. 





Enquiries to : 
AUTOPHONE LIMITED 


539/547 Wandsworth Road, London, S.W.8 
MACAULAY 2381/2 


P ITMAN Parker St., Kingsway, London, W.C.2 




















An “Electronic Engineering’? monograph 


RESISTANCE STRAIN GAUGES 


Sy ). Vareelt,, &.Sc.,.A.lnset.?. 


Price 12/6 
(Postage 6d.) 


This book deals in a practical manner with the construction and application of 
resistance gauges and with the most commonly used circuits and apparatus. 
The strain-gauge rosette, which is finding ever wider application, is treated 
comprehensively, and is introduced by a short exposition of the theory of 
Stress and strain in a surface. 


Order your copy through your Bookseller or direct from :— 





Electronic Engineering 


28 ESSEX STREET, STRAND, LONDON, W.C.2. 
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THE FIRST QUALITY—APPROVED 


\ 





PRECISION «oN 


WIRE WOUND HIGH STABILITY 


© nase 


RESISTOR so 














by Electrothermal 





— 


ELECTROTHERMAL ENGINEERING LTD., 270 NEVILLE ROAD, LONDON, E.7. TELEPHONE : GRANGEWOOD 0055 


























INSTRUMENT GEARS & ASSEMBLIES 
TO DIRECTORATE OF 
NAVAL ORDNANCE CLASS | 
AS SUPPLIED TO LEADING RADAR 
AND ELECTRONIC FIRMS 





SCIENTIFIC & PROJECTIONS LTD: 
KIDBROOKE PARK ROAD, 
KIDBROOKE, S.E.3. 


TELEPHONE NO: LEE GREEN 2112 
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HATFIELD INSTRUMENTS LTD. 


are now manufacturing 


ELECTRONIC 3- PHASE POWER SUPPLIES 
LI5V 300/500 cycles 


* 


These and other instruments in our range 


are being produced at our new works at 


CRAWLEY ROAD - HORSHAM °<- SUSSEX 


(HORSHAM 3232) 


to which all enquiries should be sent. 








e INDICATOR GLASS DOMES, MINIATURE TO 2 DIAMETER 


e PRECISION GLASS MOULDINGS e SEALING BEADS 


e PRECISION GROUND GLASS BALLS e BALLOTINI 





The widest range of 


CERAMIC TRIMMERS 


DISC AND TUBULAR 

















QUALITY & DEPENDABILITY 
AT COMPETITIVE PRICES 


For details and samples apply to— 


rHE ENGLISH GLASS CO.LTD STEATITE INSULATIONS LTD. 


25, SOMERSET ROAD, EDGBASTON 


VERLING IX AD. LEE S| 4 
a FE as a BIRMINGHAM, [5 
Ee se Tel. : EDGbaston 5381/2 
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Suppressor 











HTH) Cs 


Cores 






































Integral terminations at both ends ensure a wide 
field of application for these cores in the 


construction of self-resonant chokes for TV inter- 





ference suppression. Indeed, this is au 


outstanding design feature for many types of R/F 








— —\_e~ coils and chokes required in small light- 
weight equipment: High internal resistance means 


that the shunting effect on the coil is 








negligible. The range of materials and termina- 
tions is such that most frequencies, 


particularly Band IJ, are adequately covered. 





Literature and sample cores } are readily available to Design Engineers on request. Ples sey 


id 
} 
j 








THE PLESSEY COMPANY LIMITED, CHEMICAL & METALLURGICAL DIVISION, WOOD BURCOTE WAY, TOWCESTER, NORTHANTS. TEL: TOWCESTER 312 
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Have you a 


COUNTING PROBLEM 


Our range of mechanical and electro- 
magnetic counters cover the requirements of 
most industries. Illustrated are two small non- 
reset counters and a number wheel assembly 


Write for details. 





ee INSTRUMENTS —* 
5 ELSTREE WAY. BOREHAM WOOD, HERTS 


Telephone ELSTREE 41382-3-4 





—DRAWN TUBULAR PRESSINGS-— 
to specification 





CHARLES ILES & GOMMS LTD. 
138 HIGHGATE STREET - BIRMINGHAM - 12 








Thimble Makers for a Hundred Years 








A. G. ENGRAVING 


292, Earlsfield Road, London, S.W.18 
*Phone: BATtersea 9897 

QPP PPPPOPP PPPOE POPP PPPOD PPD PLP F 
§ + 
Engravers to well-known makers of Electronic ? 
} Equipment used by the Aircraft Industry t 
t and shown in this Journal. , 
© 

O23 PPPODPOOPD DOP POOH OH 

Nameplates, Indicators, Scales, etc., to 
requirements. 














Remember — 
Radiospares components are 
delivered absolutely “by return” 
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Fully automatic and 
protected pumping plant 
for sequence pumping 





Send your enquiries to: 


W.G.N. ELECTRICAL LIMITED 


& NASSAU MILL - PATRICROFT - MANCHESTER 
TELEPHONE: ECCLES 1643 
DESIGNERS & MANUFACTURERS OF HIGH VACUUM EQUIPMENT 
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Specialists in 


Electroformed and Fabricated 
Waveguide Components and 
Microwave Measuring Equipment 


SEND YOUR 


WAVEGUIDE 
PROBLEMS 


TO US. 


MIDDLESEX GUN CO. LTD. 
HALL CARR MILL 
RAWTENSTALL * ROSSENDALE * LANCS. 


Telephone : Rossendale 1515/6 
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EXTERNAL & INTERNAL 


MICROMETERS 
* 


HEIGHT 
GAUGES 







STANDARD 
MICROMETER HEADS 
MODIFIED AS 
REQUIRED 


SPECIAL 
MICROMETER HEADS 
MADE TO ORDER 


Catalogue Available on Request 


SHARDLOW MICROMETERS LTD. 


P.O. BOX 62 
PETRE STREET, SHEFFIELD, 4&4 
London Office:- W. J. Bithell Ltd., 41, Whitehall, London. S.W.1. 
Scottish Office:- 19, Waterloo Street, Glasgow C.2. 
A MEMBER OF THE GAUGE AND TOOL MAKERS ASSOCIATION 








More people are turning to the 


HIVOLT A.C. DISCHARGE DETECTORS 


for insulation tests, since this method 
provides a more complete picture of the 
state of insulation at voltages well below the 
point at which breakdown occurs. 


Apart from measuring the _ ionisation 
ignition and extinction voltages, the equip- 
ment provides an actual measurement of 
the magnitude of the A.C. discharges 
appearing in the specimen under test and 
some guide is given as to the location of the 
discharges. 


For further information please write to Dept. S/EED. 





91-93 PRINCEDALE ROAD 
LONDON W. II 


’Phone: PARK 5073-4-5 
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OHMS? 
RATING? 


TOLERANCE? 
.... it’s easy with 


Continuous Storage Units 










‘ Seat Lane, : 
Minions Gay 





Thousands of LAB Continuous Storage Units are daily 
solving the problem of control and storage of the great range 
of resistors. Compact, and capable of storing up to 720 
separate resistors, LABpak make selection positive, simple 
and speedy. Now that Ceramicaps, Histabs and Wirewound 
resistors have been added to the carded range, the usefulness 
of LABpak storage units is enhanced. 


FREE with any purchase of the LABpak range, these © 


units are the complete answer to the storage problems of 
small production units, laboratories, etc. 


MAKE UP YOUR ORDER TODAY 
— DELIVERY EX-STOCK 


All LABpak resistors are carded in ohmic value, rating and tolerance, 
colour indexed and tabbed for easy selection. 


The LAB Continuous Storage Units are available from your normal 
source of supply, but more detailed information and literature can 
be obtained from: 


THE RADIO RESISTOR CO. LTD. 


50 ABBEY GARDENS - LONDON - N.W.8 
Telephone: Maida Vale 5522 





ELECTRONICS 


CUSTOM BUILT EQUIPMENT 
FOR INDUSTRY & RESEARCH 


Batch Production 


TRANSFORMERS 


For power distribution 
and electronic applica- 
tion. Ranges from small 
electronic types, up to 
50 kVA, orthodox and 
C cores. |-Phase and 3- 
Phase Oil and Air Cooled 
Phase conversion, etc. 
Special types for Furnace 
and Rectifier Control. 


A.I.D. AND A.R.B. APPROVED 


Contractors to H.M. Government 
YOUR ENQUIRIES ARE INVITED . 


ANMDEG +t» 


(Formerly Avis & Baggs Ltd.) | 


Prototypes, Development, 





eee ceseseeeseeseessessssees 


BENNET ROAD, READING 


Telephone: Reading 8240] 











MICA 


DIAPHRAGMS 
ELEMENT STRIPS 
CONDENSER PLATES 
SPECIAL SHAPES 
RAW MICA 
WASHERS 














Stop hunting 


FOR ROUND, SQUARE 
RECTANGULAR 
s. R. B. P.. 


“LAMTUF” 






TUBE LAMINATION & ENGINEERING LTO 


BUCKS 


HIGH WYCOMBE. 


TELEPHONE HIGH WYCOMBE 3 











& LIGHT ENGINEERS 
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nonh-microphonic cables 


IN SMALL R.F. CABLES carrying signals of the order of say 10°° amps it is 
important to minimise the minute parasitic voltages which are generated 
when they are flexed, knocked or subjected to vibration. 


Telcon offer a range of cables having a Telcothene* insulant provided 
with a low-resistive covering adhering to the cable core immediately 
under the braid. With this construction it has proved possible to utilise 
the extremely good electrical and mechanical properties of Telcothene 
and at the same time reduce these troublesome parasitic voltages to a 
level lower by 20-50 db, compared with normal polythene cables. 

The following standard cables incorporating this refinement are available : 
K.16.GM, PT.1.GM, PT.11.GM. Further particulars on application. 

* Telcothene (Regd.) is polythene processed by Telcon to provide specific 
characteristics. 


TELCON py 


cables 


THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD. TELCOW 
Head Office: MERCURY HOUSE, THEOBALDS ROAD, W.C.2. TEL: HOLBORN 8711 

Enquiries’ to: TELCON WORKS, GREENWICH, S.E.10. TEL: GREENWICH, 3291 

Branches at: LONDON: BIRMINGHAM ‘CARDIFF: MANCHESTER ‘ NEWCASTLE ‘NOTTINGHAM 
























There are over 1,500 different combinations aa 
‘ 

with 40 basic components of an 

ACRU NEON INDICATOR LAMPS — 


7 
The lamps that never fail ! “7 [| 
Ask for our Lists and you will certainly find the 
"i Lamps YOU need. 
a AVERAGE LIFE 25,000 HOURS 
“~~ ACRU ELECTRIC TOOL MFG. CO. LTD. 


Chapel Street, Levenshulme, Manchester 19 RUSholme 4613 


A 

















VARTABLE 


TRANSFORMER 


TYPE P868 


@ No exposed windings or terminals 
@ Fuses incorporated 

@ Very fine adjustment of voltage 
@ 750 VA rating at 230V 50 c/s 
PRICE £10 

IMMEDIATE DELIVERY 


AIRMEC 


LIMITED 
HIGH WYCOMBE, BUCKS 


NORTHERN POLYTECHNIC 
DEPARTMENT OF PHYSICS 


SHORT LECTURE COURSES 


TRANSISTOR CIRCUITS. 
Part i Tuesdays at 7.15 p.m. Four lectures beginning 15th January, 
1957. 





Part ii Tuesdays at 7.15 p.m. Six lectures beginning 12th February, | 957 
RADIO-FREQUENCY NOISE TECHNIQUES. 

Mondays at 7.15 p.m. Six lectures beginning 25th February, 1957 
TECHNOLOGY OF COLD CATHODE VALVES. 


Thursdays at 7.15 p.m. Six lectures beginning 28th February, 
1957. 





Enquiries should be addressed to the Head of Department of Physics, 
Northern Polytechnic, Holloway N.7. (Telephone NORth 1686) 
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DESIGN * DEVELOPMENT 


MANUFACTURE 
Transformers 


Audio Frequency 
Current Limiting 
Modulation 
Magnetron 

Rectifier 

Vibrator 

Heater 

Power Packs 
Transductors 

Approved A.I.D. and A.R.B. 


WARDRAY & CO. LIMITED. 


STANLEY ROAD, LONDON, N.W.9. 
Telephone : Hendon 9666. 











Easy to fix High Dielectric 
Safe in use Fully Tropical 
Saves time Non-Metaliic 


SECTION OF PANEL 








- *RING-LOCK BysH 
1M POSITION 


i a 





INSULOID RING LOCK BUSH. A snap action 
assembly Bush that will not come out after fixing. 
Simple finger action instantly assembles, yet its design 
is such that it provides complete security in service. 
Approved all services. Samples and literature will be 
promptly sent at your request. 


INSULOID MANUFACTURING CO. LIMITED 


Sharston Works, Leestone Road, Wythenshawe, Manchester. 
Tel.: Wythenshawe 2842 
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DESIGNED for ACCURACY 


PECIALISTS in the manufacture of 

Variable Wirewound' Resistors 

for over 20 years, Colvern Ltd., 
are BRITAIN’S largest manufacturers of 
these components 


Our fully comprehensive range includes :- . 


* Sealed Wirewound Potentiometers and Variable 
Resistors Fully Type Approved to Inter-service Specifica- 


> 
tions RCS/I21 and RCL/I2! 


¥%& Standard Wirewound Potentiometers rom | to |5 watts 
rating, including multi-ganged types and semi-preset 


Controls for Television Receivers 


* High Accuracy Precision Potentiometers including 
sine/cosine types. These Potentiometers the most 
accurate made in the world to-day are 
incorporated in most modern Radar, 


Navigation and Computing Equipment 


%& Ten Turn Helical Potentiometers. 





COLVERN LIMITED 


Mawneys Road - Romford - 
Telephone No.’s : Romford 8881 /2/3 


Essex 
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FREQUENCY METERS 


SIZES : 23” to 8’ 
UP TO 5000 CYCLES 
PROMPT DELIVERY 





ALT, © 


COMPOUND 





the ideal reamer, tap am also the new SYNCHROSCOPE and PHASE 
and drill lubricant. eS . SEQUENCE METER both up to 5Kc. 
: and full range of Switchboard instruments. 
Ask for illustrated Catalogue 


THE ELECTRICAL INSTRUMENT 


Greatly increases tool 





life and facilitates 





icro finish and CO. (Hillington) LTD. 
close tolerance HILLINGTON GLASGOW 

. ; Lond kists, H. A. P: & Penrs., Led., 
work on all : Oxford House, 23 West Wycombe Rd., sak Vipeoute. 


Telephone : High Wycombe 2769 





tough metals, 


including stainless 








and alloy steels, 


FREQUENCY CORRECTED 
CALIBRATED ATTENUATOR 


nickel alloys, etc. 














Incorporates a special means of compensation of the 
scale reading to correct the variation with frequency in 








~~ RAGQOSINE attenuation characteristic of the metallised vane within 
s the guide. There is no need to refer to calibration data 
and errors due to incorrect setting up are virtually 
impossible. 
Full details on request from : : Frequency Range: 9,000-10,000 Mc/s. 
IBEX HOUSE, MINORIES, LONDON, E.C.3. Attenuation: 0-30 db. 
Tel.: ROYal 4372. Accuracy: +4 db. 
ROCOL HOUSE, SWILLINGTON, Nr. LEEDS. Reset Accuracy: Better than +0. db. 


Tel.: Garforth 2261/2 Insertion Loss: 1 db. 


a a BARR & STROUD, LTD. 


ANNIESLAND, GLASGOW, W.3 
15 Victoria Street, London, S.W.|I 
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REINFORCED PLASTICS TRL ST Wwal, [cme ite, ile. ve 


OmMmOYS Guile ASSEMBLIES 1 ie 





MACHINED & FABRICATED 


from S.R.B. Laminates, Vulcanised Fibre, 





Ebonite, Cast Resins, Nylon. 


COMPRESSION MOULDINGS 


in Phenolic and Urea Powders; Fabric, Paper, 


ass' 


Ex, 


Wood and Glass Laminates; Macerated 
Fabric and Glass Reinforced Materials. 


THERMOPLASTIC FORMING IN 


Perspex, P.V.C. Styrene, Cellulose Acetate, 
Phenolic Laminates, Glass Mat and Fabrics. 


STOCKHOLDERS of SRB Fabric, 


Paper, Glass and Wood Laminates: Perspex, 
Ebonite, Vulcanised Fibre. 


























High Ts. PING 
¢ QUT-GASSING 





6 kw 
E.C.H. UNIT 


f This small mobile equip- 
ment provides over 1|05 
Amp. into 5h or 60 Amp. 


into 224h — ample for 
any rotary valve pumping 
machine. An unskilled 


operator can set it up — 
sliding the top knob 
smoothly reduces the out- 
put current down to 20 


GOODYEAR TRANSFORMERS LTD. on Wea ie 


VINCENT PARADE WORKS 
BIRMINGHAM I2. Phone: CALthorpe 1086 





BIRMINGHAM Ete 











@ ° 
radio heaters Itd + wokingham = berks 
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BUILD YOUR OWN “ONE-OFF” RELAYS 


A whole project can be held up for a single prototype relay. 
Cut costs and end delays by fabricating your own type 3000 
Post Office relay from this 








































Relays from these kits can be 
assembled in your own experimental workshop or laboratory 
Experiments, modifications, and, if necessary, re-assembly, can 
be carried out quickly and economically under your own 
supervision. 


The relay kit contains a wide variety of coil valves, heavy and 
light duty stacks . . . buffer blocks, screws, screw driver, box 
spanner, feeler gauges, setting pliers and a comprehensive 
instruction book. A permutation of over 300 different 
configurations of Post Office type 3000 relays can be obtained 
from this kit. Delivery from stock. 


WE ALSO MANUFACTURE POST OFFICE TYPE 3000 
RELAYS. YOUR ENQUIRIES WELCOMED. 


STEVENAGE RELAYS, LIMITED 


An Associate Compnay of 
. W. H. SANDERS (Electronics) LIMITED, 
Gunnels Weod Rd., Stevenage, Herts. 
089 Telephone: Stevenage 98! (6 lines) 








and now — 


The \ nectone 


TAPE f RECORDER 


An instrument of professional quality for the high- 
fidelity conscious, achieving a truly high standard of 
recording and play-back at a remarkably moderate 
price. Automatic equalisation of output at each 
speed ensures perfect reproduction. Incorporating 
the new Collaro Tape Transcriptor, upper and 
lower track recordings can be made in quick 
succession without spool reversal while a safety 
device prevents accidental erasure. Three speeds; 
33”, 74” and 1S” per second. 




















Jip- , 
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ing 4 Rg) ane, ¢ / Seeneiap atanape 

led pine OHKE Write for Leaflet 

ae with full specification 
The Living Truth in Sound 
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TOROIDAL 
RESISTANCES 


Designed for 
Arduous Duty 
















Open ring type. 
Back of board mounting. 


For this and 
other types 
please write 


or phone 


30 OXFORD ROAD LONDON, N.4. 








Arc. 2155 





P.O. TYPES 
TO YOUR 
SPECIFICATION 
PROMPT 
DELIVERY 





3000 TYPES 


COILS up te 80,0000. 
CONTACTS up to 8 c/o’s 
Tropicalizing and impreg- 
nating to order. 

600 and HIGH-SPEED 
TYPES also Supplied. 








LARGE 
STOCKS 
OF 
KEYSWITCHES 


THE KEYSWITCH CO. 
ALL POST OFFICE EQUIPMENT 
Enquiries to Sales Director 


1246 KENSAL ROAD, LONDON, W.10 
Telephone: LAD. 0666. 4640 Grams: ‘‘Fonequipt’’, London, W./0. 
Contractors to Home & Overseas GoveFtnments & H.M. Crown Agents 


























LAUMETER 


ELECTRICAL AND MECHANICAL 


COUNTERS 


LIMITED 


MILLTOWN STREET 
RADCLIFFE 
MANCHESTER 
RADCLIFFE 2675 


c.w. 2864 











VITALITY BULBS 


Vitality Bulbs Ltd., Neville Place, London, N.22 








== MAGSLIPS — 


FOR 
AUTOMATIC PROCESS CONTROL 
REMOTE CONTROL 
ELECTRICAL COMPUTATION 
REMOTE INDICATION 
PRECISION VARIABLE PHASE SOURCES 
SINE WAVE GENERATION 
CIRCULAR TIME BASES 


DETAILS OF MAGSLIPS AS WELL AS SELSYNS, IPOTS, INSTRUMENT GEARS, 
SINE-COSINE POTENTIOMETERS, VELODYNES, TORQUE AMPLIFIERS, BALL 
AND PLATE INTEGRATORS ETC. ARE CONTAINED IN OUR CURRENT 
BROCHURE. 


Serve and Electronic Sales Ltd. 


1, HOPTON PARADE STREATHAM HIGH ROAD - LONDON S.W.16 - ENGLAND 
STREATHAM 6165 





ll, M/ 


whl ad 










CAP. L.E.S. to British Standard 98/ES. 
Diameter 5mm. Length 8mm. 


BALLOONS. Tubular 5mm. Spherical N Dray, 
75mm. “ly / yy, 
OVERALL LENGTH. Tubular 15mm. 


+ Imm. 
Spherical 16mm. + Imm. 
RATINGS. Voltages up to 24 volts. 


“jj My 
lly 


Subminiature and all 
other indicator types. 


Phone: BOWes Park 0016 
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MANIPULATION and PLENUM 
EQUIPMENT 


for production processing 


ISOTOPES EPOXY RESINS GERMANIUM 


and Bacteriological work and for assembly of 


RADIO VALVES, MICROPHONES, TRANSISTORS, 
GYROSCOPES ETC. ETC. 









FEATURES 





Scientifically Designed and proportioned 
Easy Clean Surfaces—all Steel Construction. 
Efficient Air System—Glass filter or Electrostatic. 


Efficient illumination of working area. 

High Class Finish—Polythene or P.V.C. Linings if required 

Standardised unit construction. 

Wide range of complementary apparatus available, e.g 
Manipulation- Chambers, Dessicator Cabinets, Temperature 
controlled Storage Cupboards, Inspection Cubicles, etc. etc. 


of 
» 
> 
@ Working surfaces and windows to suit requirements 
* 
@ 
* 









SLEE PLENUM ASSEMBLY AND WELDING EQUIPMENT. 
REPRODUCED BY COURTESY OF STANDARD 
TELEPHONES & CABLES LTD 








{* 








OTHER PRODUCTS 
MANUFACTURERS OF PRECISION SPOT WELDING 
MACHINES. ELECTRONIC TIMING GEAR. PROCESS ROOM a MEO), 1920], Mam tong ler. \ GS-18 iid 13, as 
CONTROLLERS. MAGNETISING EQUIPMENT. HIGH COMPANY LTD. 


SPEED RELAYS AND CONTACTORS, ETC. LANIER WORKS, HITHER GREEN LANE, S.E.13 TEL. LEE GREEN 4814/5/6. 
GRAMS: SLEECO, LONDON. 






























{ ‘now 
that’s the : 


standard 


of 


plating 
’ 
we Te 
SLIDING pee 
Sound in design and incorporating a 
very high standard of craftsmanship at 
competitive prices, Cressall Sliding Let Verichrome handle your next plating job and prove to 
Rheostats are manufactured in a variety your own satisfaction that no finer work is turned out any- 
. where. The recently completed extensions to the Eleetro- 
of types and sizes to meet every known forming Department are being increasingly used by Electronic 


and Allied industries, and technical advice and assistance is 


requirement. These rheostats can also mre ne stig 


be supplied with screw motion drive, 
bevel wheel drive and motor drive. 


PLATING SERVICES 
(SCOTLAND) LTD 





( na SSA LL Registered trade name of 
THE CRESSALL MANUFACTURING CO. LTD. 
Sadnelion: - saaiianes- $9 INDUSTRIAL ESTATE LARKHALL LANARKSHIRE 
Telephone LARKHALL 28//3 





‘ ‘ Associated Company: Verichrome Plating Co. Ltd. 
TELEPHONE: ASTON CROSS 2666 (3 LINES) - TELEGRAMS: ‘OHMIC, BIRMINGHAM Wallows Lane, Walsall, Staffs. Telephone: Walsall 4577/8/9 
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Make your factory 
flexible 


by the Croid-Cooper | unr 


33 iB 











is E 
method... 
Becau 
have | 
ERM 
achie' 
enter] 
broke 
press' 
Techr 
With the Croid-Cooper system of machinery installation 
your layouts can be changed overnight without impeding 
production. Each machine is simply stuck down on a felt 
base which absorbs vibration. Holding power is 50 lbs. to » = VA 
the square inch, so the machine stays put as long as you | 
want it. Send for more details today. CROID 65 - 
MACHINE FIXING GLUE | 
COOPER & CO. (B’HAM) LTD., COOPERS 
BRYNMAWR . BRECONSHIRE CELT 
Telephone : 312. Brynmawr. Telegrams: Felting Brynmawr ee ee EE, Ss 








BRITIS 














METERS 


ALL TYPES...ANY MAKE 
For Laboratory or Workshop 





ETRA 









cIN 


OSCILLOGRAPH @ SINGLE OR MULTI-RANGE 
RECORDING @ REPAIRED & RECALIBRATED 
a AMER A We can convert or supply meters to non standard ranges 


and rescale to any specification 





WRITE, PHONE OR CALL FOR IMMEDIATE ATTENTION 


E.1I.R. INSTRUMENTS LIMITED 
329 Kilburn Lane, London, W.9. _—Tel.: LADbroke 4168. 











Capacity 
300 fr. 


or 400ft. of 35 mm. film 


Shoot Matol work SEND 


a ENQUIRIES 


PROTOTYPES—EXPERIMENTAL MODELS 
PRECISION GEARING AND SPROCKETS 


12, OVAL ROAD, LONDON, N.W.! Weathershields 


Telephone: GULliver 2353/4085 BISHOP STREET, BIRMINGHAM‘S— 
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FOR HIGH PRESSURE 
PIPE LINES THE 
UNIVERSAL SPECIFICATION 


s GED 


Because of the increased efficiency they 
have brought to pipe line systems, 
ERMETO fittings have helped in the 
achievement of many fine engineering 
enterprises. ERMETO joints may be 



















broken and re-made without loss of 
pressure-tightness. 


Technical literature gladly sent on request 


BRITISH ERMETO CORPORATION LTD., MAIDENHEAD, BERKS. 






























Tel : 2271/4 


























[ 3 i 0 NI INDU 5 


AFLAS are now well 


established as the premier Electro-Platers for 
the metal finishing of ELECTRONIC COM- 
PONENTS. Our work is laboratory controlled 
resultirg in a high standard of finish. 

Weare in a position to undertake large quantity 
production of RHODIUM, SILVER or GOLD 
plating to deposit specification on any plateable 
materials including light alloys. 


Service is also available for Electro-forming of 
Wave Guides or intricate shaped components. 


ATLAS 


PLATING WORKS Ltd 


Avenue Road, Acton, 
London, W.3. 
Telephone: ACOrn 1102 
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Aerialite 


Products for the 


ELECTRONIC INDUSTRY 


Number of a new series 
High Frequency Cables 
Aeraxial cables have a unique five-air cell construction which 


provides a high ratio of air to Polythene insulation—resulting 
in lower losses, particularly at higher frequencies. 


AERAXMIAL (CAT. No. 597) 






Specification 
Conductor ... 7/010 in. 
Polythene Dia. ... ‘123 in. 
an : 006 in. 
Dia. over braid . ‘147 in 
Overall dia... ‘210 in. 
Sheathing colour Brown 
Electrical Characteristics 
Characteristic Impedance i sa ... 66-77 ohms 
ATTENUATION db/100 ft. at 45Mc/s nae 

at 60Mc/s — 

at 200Mc/s ~~ 
Capacitance pF/ft. _ ... 18pF 
Power handling capacity 200Mc/s _— ... 100 watts 
Velocity ratio V/C 74 


Catalogue No. 598—As Conse No. 597, but with 1/.022 solid conductor. 
Other details as Catalogue No. 597. 


= ON od 8 ae 8) ae wee (CAT. No. 499) 





Specification 
Conductor -» 1/048 in. 
Polythene dia. ... “195 in. 
Braid... ‘ 006 in. 
Dia. over braid ‘219 in. 
Overall dia... ‘275 in. 
Sheathing Colour Brown 
Electrical Characteristics 
Characteristic Impedance om jan .-. 46-77 ohms 
ATTENUATION db/100 fr. at 45Mc’s oo 12 
at 60Mc/s ome: | 
at 200Mc/s ao a 
Capacitance pF /ft. ve ... 18-OpF 
Power handling capacity 200Mc’s me os cy watts 


Velocity ratio V/C , 
This type supersedes aes previous = Gotan No. 499 Cooxial. 
Flat Twin Feeders are also available. 


( BROADCAST, RELAY & SOUND 
DISTRIBUTION CABLES 


Double Screened Aeraxial (Cat. 625).— 
Supplied with a 1/048 high conductivity 
annealed copper conductor. The electrical 
characteristics as Super Aeraxial (Cat. 499). 





GA we Wi 


Aeraxial for Overhead Suspension 
(Cat. 626).—With a 1/048 galvanized steel 
catenary wire as an integral part of the 
P.V.C. sheath, the specification and electrical 
characteristics are the same as for Aeraxial 
(Cat. 597). 


ERIALITE 


LIMITED 


Head Office & Cable Division : Castle Works, Stalybridge, Cheshire 
Television & Electronics Division : Hargreaves Works, Congleton, Cheshire 
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FOR 


PRINTED 
CIRCUITS 
AND 


TURRET 
TERMINAL BOARDS 


speed control, and automatic wiping device 


A. REID MANUFACTURING CO. LTD. 





Thermostatically Controlled bath fitted with level indicator, 
adjustable mounting on“ moving Dipping frame, and variable 


(Sales 





Dept) 48, 


AUTOMATIC DIP-SOLDER BATH 


PATENTS PENDING 


BATH SIZE 10” x 11” WORKING TEMP. 
100°-600° F. SOLDER CAPACITY 50 Ibs 
approx VOLTAGE 230-250V. A.C. 


STATION RD, HARROW, MIDDX. 
Harrow 6434 


























If you need 


a ’phone... 


then you need a 


‘FONAMP”’ 


%* Write now for full details of the lowest priced 
Telephone Amplifier to:— 
NIKAD MANUFACTURING COMPANY 


13, Church Road, Edgbaston, Birmingham 15 
Telephone: Central 2979 




















PRESSIN GS 


SMALL INTRICATE PRESSINGS. 

CONTACTS. SPRINGS. TERMINALS. 

& SPECIAL COMPONENTS FOR 

ie & THE ELECTRICAL TRADES 
— IN ALL MATERIALS. 






A SPECIALITY. 
PROMPT DELIVERIES. 


G. A. PRECISION TOOL CO 


REAR OF 202 HIGH ROAD, WOOD GREEN, N.22 
PHONE BOWES PARK 6887 








**A complete library in 
two volumes... ” 


KEMPE’S 


Engineers Year-Book 
1957 


to be published in December 1956 
(Plus Postage 2/6) 


3,000 pages covering modern theory and practice 
in all branches of engineering. No other single 
publication devoted to engineering covers a 
comparable range of subjects so _ concisely. 


order your copy now 


Obtainable direct from the publishers 
or through your local booksellers 


or send for complete prospectus to :— 
Kempe’s Engineers 
Year-Book 


28, ESSEX STREET, STRAND, LONDON, W.C.2 
Telephone : CENtral 6565 
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ELECTROSTATIC 
VOLTMETERS 



















Ase es , 
LONDON REPRESENTATIVE : 
313 HIGH HOLBORN, W.C.!. 
Telephone No.: Holborn 2767-8 


* Direct readings of high voltages 
* High accuracy on a.c. and d.c. 

* Zero current drain 

* Three seconds period 

* Bright spot-and-hairline indicator 
* Compact, portable and robust 


= 
leNTiFic(}) (AixstRUMENTS 


Please write for fuller information to: 


W. G. PYE & CO. LTD., 
4 GRANTA WORKS, 
CAMBRIDGE, ENGLAND 








CA 





MME WH UNG are 


Specialists in Subminiature Telecommunication 
Components 


AIR 
DIELECTRIC 
TRIMMER 
70pF 





Illustration (apbrox.) actual size 


12 Vane type, 500 V. Insulation 10,000 megs. 
Width 165mm. 
Length 22mm. 


Power Factor less than 001. 
Temp. Coeff.: 50 parts per 


Height 19mm. million, per. °C. 























DEVELOPMENTS CO. LTD. 


ULVERSTON NORTH LANCS = 7Ze/: Ulverston3306 








PERFORATED METALS 


IN ANY DESIGN 


ASH & LACY :rp 


ARE REAL SPECIALISTS 


ws 


ASH&LACY itp Biemincuam:s 


I 
c 








POTENTIOMETERS 


The word ‘Reliance’ is synonymous 
with the best potentiometer design 
and practice, it also signifies a most 
comprehensive range ; embracing, 
wire- wound and composition types, 
Single, Ganged and Tandem Units. 
Characteristics include linear, log, 
semi - log ‘and non - inductive. etc. 
Fullest details on request. 


RELANCE «= 
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\ ae co. LTD 





<{008> 





WODEN TRANSFORMER CO LTD catatoeues available on request. 


Telephone: 


BILSTON 


STAFFS 








CAST RESIN TRANSF' 

Give complete mechanical and 
climatic protection for core and 
windings. Good heat dissipation. 


A complete range covering trans- 
formers from | Va to 2 kVA and the 
usual range of c! ; 


POTTED COMPOUND FILLED 
TRANSFORMERS 

A wide range of ae for 
transformers ai te 


reliability. Suitable for exacting 
industrial and climatic conditions. 


SHROUDED AND OPEN-TYPE 
TRANSFORMERS 

Combines first-class engineering 
with a popsier highly competitive 
product. Vacuum impregnated and 
rigidly tested. 


MICROPHONE TRANS- 
FORMER 

For use with moving coil micro- 
phone, minimum hum, pick-up 
and maximum efficiency. 


In addition to the types shown, we 
manufacture a great variety of 
Transformers for all electrenic 
applications. Also Power Trans- 


formers up to 750 kVA. 


BILSTON 41959 








SM/W2683 








PROMPTLY 


Oo 
ACCURATELY "90 oO 


& EFFICIENTLY 
from 


PRESCOTT MANFG. CO., LTD. 


SPENCER STREET, BIRMINGHAM, 18 
Telephone: CENTRAL 2933 











MACHINE 


7 your imeliucliono Ip - 


\J imine 


USTICE WORKS -GERVASE STREET 
0 KENT ROAD: LONDON - SE.15 
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The Engineer 
BUYERS GUIDE 


Published Annually in January 


CONTENTS 


Associations, Institutions and Societies connected 
with the Engineering industry 
Address Section 
Telegraphic Addresses 
Trade Names and Marks 
Buyers Guide 
U.K. Agents for Foreign Firms 
Forthcoming Engineering and Industrial Exhibitions 


Subscribers to ‘The Engineer’ are sent one free 

copy through the post, and copies are supplied 

to newsagents for delivery to regular readers 
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THE ENGINEER 


28 ESSEX STREET STRAND 
LONDON W.C.2. 
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ALFRED IMHOF LIMITED = dF ~ 
Dept. F.12, 112-116 New Oxford Street, 
London, W.C.|I. 
Telephone: MUSeum 7878 (20 lines) LGB 








RELAYS P.O. TYPE 3000 


BUILT TO YOUR 
SPECIFICATION 


QUICK DELIVERY 
KEEN PRICES 


CONTACTS UP TO 
8 CHANGE OVER 





RADIATION MONITORS. Phillips Type !092c. A_ portable 
self-contained unit in haversack, measuring Gamma Radiation, Scaled 
0 to 10 milli-rontgens per hour using Mullard Geiger counter MX1/5. 


£25. 
INSTRUMENT LAMPS, 3vt min, for Aircraft Inst., ete. 25in box 
36/- doz. 


6 FT. STANDARD P.O. RACKS for !9% panels. Steel 
channel sides, correctly drilled, heavy angle base. Also 4’ 10” 
KEY SWITCHES 


PROMPT DELIVERY 
OF ALL TYPES 


te 





IMPEDANCE BRIDGE. 4 Circuits, Zero Balance, Measurement of 
cageetey Positive and Negative Angle impedances, S.T.C. Brand new, 


JACK PLUGS. Two contact 2/6 each, 27/- doz. Quantities available. 
RESISTORS. High Stability and Vitreous Wire Wound available from 
stock in quantity, also POTENTIOMETERS. 

MICRO SWITCHES. Burgess MK4BR Single pole Change over, 
Die-cast. 7/6 each. 


ELECTRO-MAGNETIC COUNTERS 
COUNTING UP TO 9999 





TYPE I16A TYPE I7A 
2300 ohms 3 ohms 
75/230 V. D.C. 2/6V. D.C. 

15/- each 15/- each 


MANY OTHER TYPES IN STOCK 
LIST AVAILABLE 


L. WILKINSON (CROYDON) LTD. 
19, LANSDOWNE ROAD, CROYDON 


Phone: CRO 0839 Telegrams: ‘‘WILCO"* CROYDON 
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DISC-TYPE, 
CYLINDRICAL 

and RECTANGULAR 
CELLS from 60 mAh 
to 20 Ah capacity 


DETAILS FROM SOLE CONCESSIONAIRES: 
G. A. STANLEY PALMER LTD 
Maxwell Houses Arundel Street * London + W.C.2 
TELEPHONE: TEMPLE BAR 1610 
CCST en TS IS, ree 5 


DaG60! 


Famous Quotations  ., ano 


“* When tilloge begins, 
other arts follow. 
The farmers. therefore, 
ore the founders of human 
civilisation."* 
Daniel WEBSTER (/782-1852) 

















Ralph Waldo EMERSON 
(1803-1882) 





& AIR 


** Soon shall thy orm, unconquered steom, ofar 
Drag the slow barge, or drive the rapid car; 
Or on wide woving wings exponded bear 
The fiying chariot through the field of cir." 

Erasmus DARWIN (/73/-/802) 


SOS 


OR THE S£S7 
ALUMINIUM € 


NON-FERROUS CASTINGS 
ON EARTH 


-e- SANDWELL~>= 


; Specialists in the production of the finest quality 
: Sand Castings, Gravity Die Castings and Pressure 
Die Castings in all Light Alloys and Non-Ferrous 


Metals by the most modern methods. 


THE SANDWELL CASTING CO. 


BANK STREET FOUNDRY, WEST BROMWICH 
*Phone: STOnecross 2231 (4 lines) ’Grams: “‘REPCAST’’ WEST BROMWICH 








FORTIPHONE SUBMINIATURE 
SEALED CONNECTORS 


“4 details of optional 
bulkhead gland 


























The PL 20/SK 20 connectors 
comprise a loaded polythene 
body moulded over and bonded 
to a polythene-insulated cable. 

A moulded bulkhead gland can 
also be provided. 

The design incorporates a 
unique sealing arrangement of a 
barbed rigid body within a re- 
silient plug casing, which is in- 
tended to be loaded with 
silicone grease. 





contact resistance: These connectors may be 
0-010 ohms max. stacked and built into equip- 

cable: 7 x 0-0076” ment as required, to provide 
0-072" OD any number of ways. 





FORTIPHONE LTD—COMPONENT DIVISION 
92, MIDDLESEX STREET, LONDON, E.1 








§lecraich 











wSULATIO, 

















SHORT RUNS FOR 


SMALL MOULDINGS, 
NYLON, etc. 


PROTOTYPE or EXPERIMENTAL. 


PRESS TOOLS. 
METAL PRESSINGS. 


ALLIED PRESS TOOLS, LTD. 


4l, Tabernacle St., E.C.2. 
CLE. 4269. 
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» 
| Nn S y The electrically maintained tuning-fork is 


a simple and accurate means of providing 






a standard of frequency for timing purposes. 





PRECISION MEASURING INSTRUMENTS 


It is used extensively in connection with 






























Y re chronoscopes for measuring small time 
2) 
Fe 50 c/ s Tuning-fo rk—Type 3086 intervals, and also in the accurate measure- 
ments of the speed of machines strobo- 
scopically. This latter method has been 


adopted as the standard practice for the 








—— calibration of engine speed indicators. The 
| fork normally carries two contacts, one is 
| used for maintaining the fork and the 
other is available for driving a chronoscope, 


phonic motor, or flashing a stroboscopic 
| lamp. 


Delivery Ex-Stock 


] For further information on tuning-forks and 
stroboscopic apparatus, write for list No. 69. 
| 


TINSLEY & CO. LTD., 


















WERNDEE HALL * LONDON ° S.E.25 
| Telephone: ADDiscombe 6046-7-8 Telegrams: TINSMENTS, LONDON. 
——— CAMABDIAN FACTORY: ST. JEROME, 02@2,. CARADA 




















A.C. SOLENOID TYPE SCM. || MAGNETIC RELAYS 


Continuous 3 ozs. at }” TYPES 3000 and 600 
Instantaneous to 2 Ibs. Supplied to specification for the following uses : — 
9/10ths full size METER PROTECTION . TIME DELAY . OVER- 


LOAD TRIPS . ALARM SYSTEMS . FLASHING 
& PULSING . PROCESS CONTROL . TIMING 
DEVICES . AERIAL CHANGE-OVER . MAINS 


ee a FAILURE PROTECTION . COMPLEX OR 


Same Dimensions as Type SC 
Larger Sizes Available 


























i accel SEQUENCE SWITCHING . SELECTION & 
Also Transformers to COUNTING SYSTEMS . HIGH VOLTAGE 
7 KVA 3 phase SWITCHING 
R. A. WEBBER LTD. (CONTACT INSULATION UP TO 2 KY) 
18 FOREST ROAD, KINGSWOOD, BRISTOL. PHONE: 74065 Consult us with your problems 
POLARISED, HIGH SPEED, A.C. 
RESTIRIERS: ~seoos: cma POLARISED, HIGH SPEED, AG 
The new metal rectifier (Selenium) 
Highest quality. Does not age. All ratings from 4 to 
200 Amp. Small or large quantities. Quick delivery. ELECTRO MAGNETIC COUNTERS 
cary et UNI-SELECTORS 


Full wave bridge, Input 20 V, Output 16 V. 4 A 6/6, 

1A 9/-, 2 A 16/6, 3 A 21/6, 5 A 27/-, Input 40 V, 

Output 32 V. 4A 11/6, 1 A I7/-, 2 A 31/6, 3 A 41/-, 
5 A 5l/-., etc. Post free. 


KEY SWITCHES P.O. and LOW LOSS 





Special rectifiers at short notice. 
Manufacturers and trade inquiries invited. 


ELECTROCHEMICAL LABORATORIES (Rect. Div.) ) Dept. ‘E’ TUDOR PLACE, LONDON, W.! 


5, HIGHFIELD, WARDLE ROAD, SALE, MANCHESTER. , MUSEUM 7960 LANGHAM 4621 
Telephone: Sale 585! PPP PPD LP LEE EB OE BLE EE AO 
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H. ROLLET & Co. Ltd. London, Liverpool, Birmi — Manchester, Leeds 


«Rac y mind 











, Vo sin (wtxx)+Voc 
og 


The computer will deal with this easily, 
but it won't solve your staff problems. 
Take a, classified 
advertisement in 


Electronic Engineering 
and solve your problems 





Write for ORDER FORM and rates to :— 


Electronic Engineering 


Advertisement Department 28, Essex Street, Strand, London, W.C.2. Tel: CENtral 6565 
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Sound investments... 


ON TEMPERATURE CONTROL OVENS for Quartz 

. 230 volts, 50 cycles, single phase; give stability with suitable 
crystals of better than 2 parts in a million. Fitted thermostat and 
thermometer. Temperature adjustable 40/60 degrees C. Lab. tested, as 


new ows Z 
RE RS. A.R.88-frequency range, 540 kc/s—32 Mc/s. S.X. 28— 
frequency range, 550 kc/s to 45 Mc/s. B.29—frequency range, 15 kc/s to 
560 kc/s, mains operated. C.R.100—frequency range, 60 kc/s to 30 Mc/s, 
mains operated. Write for full particulars. All instruments lab. tested 
and guaranteed. 

WAVEMETERS. Type T.E.149 by R.C.A. 200 kc/s to 20 Mc/s. 
Accuracy 0.005 per cent. With crystals, spare valves and instruction 
book; lab. tested and guaranteed. Leaflet on request. Type 1191 
Wavemeter, new surplus in original transit case, 100 kc/s to 20 Mc/s with 
valves, crystal and charts. 3 a 
THE “LESDIX” CRYSTAL SET. In neat black bakelite case, 4° 
3” x 2", fitted litz wound tapped aerial coil, germanium diode, var. tuning 
condenser, transformer, plugs and sockets for aerial and earth connec- 
tions, double headphones fitted headband cord and plug; 30/-, post 2/-. 
Suitable for feeding into Tape Recorder. 


Leslie Dixen & Co. Dept. K, 2144 QUEENSTOWN 
~ ROAD, LONDON, 5sS.W8 
Telephone : MACaulay 2159 




















MILTOID SALES 


DEPARTMENT 
BX PLASTICS LTD. 


A subsidiary of the British Xylonite Co. Ltd. 


STOCKISTS OF 


BX 
POLYSTYRENE 



































A NEW 
directly heated 
subminiature beam 
tetrode for Radio 


Frequency Equipment 


XR4 


The new HIVAC XR4 


is equivalent to the U.S. 


40-6 mm Type 6397. 


It is designed for use as a 


Class A or Class C ampli- 











fier or as a frequency 
doubler for output fre- 


quencies up to 400 Me/s. 





























A first-class rigid insulating material, supplied 32 mm 
ex stock in sheets and rods in a range of 7 
thicknesses and diameters. It is rated at an anode 
dissipation of 1.5 Watts. 
Information and guidance on manipulation, TYPICAL OPERATION 
machining and cementing available on request. Fii.ment Voltage 1.25V 2.5V 
Filament Current 125mA_ 62.5mA 
34-36 Royal College Street, London, N.W.1. Anode Voltage 125V 
*Phone: EUSton 4146/7. ’Grams: Celudol, Norwest, London Screen Grid Voltage 125V 
Control Grid Voltage -7.5V 
T.A.7853 Anode Current 7mA 
Screen Current . 1.ImA 
Mutual Conductance 1.95mA/V 
7) \ | 
Sta S THE _SCIENTIFN 
VALVE 
BRITISH —— _ MADE 
WIRES—STRAIGHT CUT or SHAPED (max. 10”/16g.) => 
KIRBY BEARD & CO. LTD. ; 
BRADFORD STREET :: BIRMINGHAM, 12 STONEMELE WAT WiICTOMA ROAD 
, Telephone: ViCtoria 2561 SOUTH RUISLIP - MIDDLESEX 
MAKERS OF PINS SINCE 1743 Telephone : Ruislip 3366 Cables : Hivac, Ruislip. 
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Fine wires 
for fine resistors 


VACROM Regd. (NICKEL-CHROME) 
EUREKA Regd. (CUPRO-NICKEL) 


We specialise in the production of fine and superfine 
resistance wires including the “tripie O” range of 


sizes. Your enquiries will receive prompt attention. 











VACTITE WIRE CO. LTD., 75 ST. SIMON STREET, SALFORD 3, LANCS. 





BERYLLIUM COPPER 


CRINKLE WASHERS 


Heat treated and piated, giving corrosion resistance with high degree of 
recovery in relation to load, and resistance to “set’’. Spring locking 
action suitable for electronic and instrument components. Size range ¢ 
to 8 B.A. Prices and samples sent on request. 
Contractors to the Admiralty, Ministry of Supply and other Government Depts. 


DAVID POWIS £SONS LTD. 


FORWARD WORKS  SPARKSROOK BIRMINGHAM PHONE WiC 1264-8 
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POST OFFICE TYPE 
3,000 and 600 relays 
to specification 





@ Specialists in tropical and Services jungle finish 
@ GUARANTEED TO FULL A.1.D. & 1.£.M.E. STANDARDS 
PROMPT DELIVERIES PROTOTYPES 7 TO 10 DAYS 


Vienufacture 1M et Des md leading " 
L. E. SIMMONDS LTD. 
S®YRON ROAD HARROW M!Iioos 


rrow 2524 
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Electronic Process Timers 
Yor AUTOMATION... 


Available types provide for almost every conceivable method 
of application to Automi:ic control. 


Standard Time ranges up to 54 mins. 
Output switching capacity up to 10 Amps at 440 V 50c 
No warm-up delays or valve heater failures. , 


HILTON ELECTRIC CO. LTD. 


52 POOL STREET, WOLVERHAMPTON. Phone: 22783 






















- esiVE 
use Aol aMEPLATES 
AND SOLVE YOUR FIXING PROBLEMS 
WITH 


== STIKFIX = 


[ADHESIVE NAMEPLATES | 
A PRODUCT OF RICHARD CHING & SON LTO. 


NO HOLES, RIVETS, OR SCREWS 


JUST MOISTEN THE BACKS WITH 
STIKFIX” WETTING AGENT AND 
PRESS FIRMLY INTO POSITION. 


iF YOU want A QUICK FIX 
GET 


== STIK FIX 


[ ADHESIVE NAMEPLATES | 
A PRODUCT OF RICHARD CHING & SON LTD. 






































ALL TYPES SUPPLIED 
PLASTIC — METAL 
PRINTED, ETCHED AND ANODISED 


SOLE MANUFACTURERS 


RICHARD CHING & SON LTD. | 





721,.NORTH CIRCULAR ROAD, CRICKLEWOOD,LONDON, N.W 2. 
TELEPHONES: GLADSTONE 2427 & 8844. 




















ss 
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Vite: 
MAA | LW f Sy 








CAPSTAN & AUTOMATIC WORK & SHEET METAL PRESSINGS, IN ANY METAL, ANY FINISH, ANY QUANTITY 








For quick service at the right price get in touch with: 


GRIFFITHS, GILBART, LLOYD & CO. LTD. 


EMPIRE WORKS - PARK ROAD - BIRMINGHAM [8 - Tel.: NOR 622! 
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One plot, two simultaneous independent 
plots or combined plan and elevation plots 
are available in the latest Dobbie-Mcinnes 
plotting table. 


Plotting area: 30” 18" or 30” x30’. 
Speeds up to: |5”/sec. 


Dynamic and positioning accuracy: better 
than 0:2 %. 


For details write to:— 


LIMITED 
Nautical and Engineering Instruments 
BROOMLOAN RD., GLASGOW, S.W.1 & LONDON 



































The Whole Year Through 
for 36/- 


For this small sum ‘Electronic Engineering” 
will be delivered to you on the last Friday of 
every month for a year. Be sure of a regular 
supply of the industry’s leading technical journal 
by filling in the coupon, and either handing it to 
your newsagent or sending it direct to:— 


Hectronic Engineering 


28 ESSEX STREET, STRAND, LONDON, W.C.2 







| enclose 36/- as a remittance for 12 issues of 
“Electronic Engineering’. 


, 
------.-¥ 
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panps» 
Tantalum Mesh 


EXPANDED TANTALUM MESH can be supplied by 
Murex Ltd. in 60, 42 and 30 mesh per linear inch. The overall 
thickness of the mesh can be between .004” and .007” for the 
60 'mesh, from .004” to .015” for the 42 mesh and .007” to 
.015” for the 30 mesh. The maximum 4 
6.6 


6.6.0 
0.0.6.6.6 
My 


a 
nerete’ 
sa" 
erates 
Satara’ 
seas 
PII 
sta’ 
anata’ 
satate’s 
stata’ 
natata’s 


























x) 





WOON 
rarer 
OK KKK KKK X ) 
0000060060 
OK KKK KX ) 
OOK ORK KOK KX ) 
CK KKK KK ) 
OK KOK KK KK OX 
OK KK KKK | _ — 
t) € € € cf ¢ € € f) * Applications for the tantalum mesh will be found in 
690 9,0,9 00,0 Ci ionrmlame imp panawaom 
QOPI MUREX LIMITED 

.) ¢ .) € € * | (Powder Metallurgy Division) 


¢ 4 RAINHAM #2 ESSEX .. Rainham, Essex 3322 
London Sales Office: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.!. Euston 8265 





OO) 


DOO 














width of piece which can be supplied is 















5.9". The material can be supplied either 









as expanded or can be flattened after 





expansion. 





























EXAMPLES OF MESH MAGNIFIED 10 TIMES 



















































Telex 8632 Telegrams : Murex, Rainham - Dagenham Telex 






























HILTON RELAYS HILTON RELAYS HILTON RELAYS 


ao TRADE MARK) NV 
Announcing New 
) BRADMATIC TAPE AMPLIFIERS pil? ( 











PROFESSIONAL RESULTS AT 7} INCHES PER SECOND 
The new type 10 record/play amplifiers have an overall recorded frequency 


response of 30 to 15,000 cycles within 4 db. at 7} inches per second with a 
signal-to-noise ratio of 50 dbs. unweighted. 

Two models are available: The type 10/7A which is designed for normal 
half-track monaural record and playback whilst the type 10/7AS is monaural 


half-track record and stereophonic playback for reproducing stereosonic tapes. 


Further details on application. i j L T 0 N 
BRADMATIC LIMITED for high fidelity, tape desks, magnetic sound heads 


and accessories. ELECTRIC co. LTD. 


BRADMATIC LIMITED . 
Station Road, Aston, Birmingham, 6 52 POOL ST., WOLVERHAMPTON Phone: 22783 


Telephone: East 2881-2 Telegrams: Bradmatic, Birmingham HILTON RELAYS HILTON RELAYS HILTON RELAYS 


Trantformers & Chokes 


vw Designed to comply with the rigid JOINT SERVICES SPECIFICATION RCS214 
NO: ALL STYLES TO RCL215 & RCL216. HERMETICALLY SEALED AND OPEN TYPES 




















ey APPROVED BY A.E.R.E. HARWELL. 
9 Suppliers to THE ADMIRALTY, MINISTRY OF SUPPLY, AIR MINISTRY, etc. 


, DEVELOPMENT — PRODUCTION 
THE REDCLIFFE RADIO & Enc. Co. Lro. EMERY RD., BRISTOL. 4 


Tel. 77431-2-3 
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expanding 


—that’s our business 











Have you a use for a lightweight structural material? Something quite amazingly light (density 
from 2 lbs. per cu. ft.) yet rigid and strong. . . inexpensive . . . hygienic and odourless . . . with low 
water absorption, good electrical properties . . . and entirely British made. . . 


We welcome enquiries for mouldings to customers’ special requirements. 


Polyzote.. 


EXPANDED POLYSTYRENE 


Buoyancy * Containers * Toys 
Packaging * Display ° Electronics 


g EXPANDED PLASTICS LTD. 


675 MITCHAM ROAD, CROYDON. TELEPHONE THORNTON HEATH 3622 
Subsidiary of Expanded Rubber Company Ltd., a Member Company of The British Xylonite Group 





TAS600 
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Please send me Lectrodryer details, 
particularly Publication 82. 
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BIRLEC LTD 


AIR speeds and improves the 
drying out of refrigerator compressors 


Sealed containers of all kinds require 
moisture exclusion. At the Nash- 
Kelvinator Works, Crewe, a standard 
Birlec Lectrodryer is used to 
improve the drying out of 
refrigerator compressor units, to 
prevent icing up during operation. 
This dryer is a ‘‘dual-adsorber,”’ 

that is, whilst one cylinder is drying 
the other is being ‘‘reactivated’’ for 
fresh duty. Working on eight hour 
cycles, continuous drying is provided; 
as activated alumina—the drying 
agent—is, for all practical purposes, 
indestructible, lifelong service will 
be obtained from this plant. 


Dryers are also used in other sections of the electrical industry; 
copper tubing for condensers is blown out with dry air, dry argon 


is used for lamp and valve filling, complete work and storage rooms 
are controlled at a low, safe humidity. 


TYBURN ROAD 


Member of the A.E.1. Group of Companies. 
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Broxlea is unique, with 12,000 feet of ultra- 


modern factory space, and about 250 highly 


trained and enthusiastic workers, all solely 


employed in sub-contracting for large-scale 


electronics and telecommunications manufacturers. 


Production charges are low—and deliveries 


guaranteed. Let us send you a photographic 


record of the kind of 


jobs we can do. 








* PHONE : 





BROXLEA PRODUCTS 





LIMITED 


A.1.D.—approved sub-contractors 


High Road, Broxbourne, Hertfordshire 
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MICROWAVE 950 to 1,500 mc 
SIGNAL GENERATORS 


ae 


Ting 


POLARAD 


4 


2 
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JUST ONE POLARAD 
MICROWAVE SIGNAL GENERATOR 
CAN MAKE ALL 

THESE MEASUREMENTS ° °° °¢ ¢@ Receiver sensitivity 


Fach Polarad Microwave Signal Generator (4 models cover 950-11,500 mc) is equipped @ Noise figure 

with the unusually simple UNI-DIAL control that tracks reflector voltages automatically 

while tuning continuously. Frequency, accurate to +1%, is read directly on the single fre- @ Signal to noise ratio 
quency dial. There are no mode charts, no slide rule interpolations necessary. 

But, most significant are the built-in features that enable use of these rugged instruments 
for so many applications: internal modulation, pulse and FM; internal square wave modula- 
tion; synchronization outputs, delayed and undelayed; provision for multi-pulse modulation 
input; provision for external modulation and synchronization; variable attenuator calibrated 
directly in - dbm; engineered ventilation to insure specification performance over long 
operating periods. 


Image rejection 
Beacon sensitivity 
Bandwidth 


SPECIFICATIONS (all models unless indicated) Standing wave ratio 








Frequency 
Model - Range 


MSG-1 950- 2400 mc 

MSG-2 2150- 4600 mc 

MSG-3 4450 - 8000 mc 

MSG-4 6950 - 10,800 mc 

MSG-4A 6950 - 11,500 mc 
Frequency accuracy: + 1% 
Power output: 

MSG-1 & 2: 1 mw 

MSG-3, 4 & 4A: 0.2 mw 
Attenuator range: 120 cb 
Attenuator Accuracy: + 2 db 


Output impedance: 50 ohms 
nominai 





Internal pulse modulation: 
Pulse width: 0.5 to 10 micro- 
seconds 
Delay: 3 to 300 microseconds 
Rate: 40 to 4000 pps 
Synchronization: internal or 
external, sine wave or pulse 


Internal FM: 

Type: Linear sawtooth 

Rate: 40 to 4000 cps 

Synchronization: Interna! or 
external, sine wave or pulse 

Frequency deviation: 
MSG-1 & 2: +2.5 mcs 
MSG-3, 4 & 4A: +6 mcs 


internal square wave 


modulation: 
40 to 4000 pps 





External pulse modulation: 
Polarity: Positive or negative 
Rate: 40 to 4000 pps 
Pulse width: 0.5 to 2500 
microseconds 

Pulse separation (for mult:- 
ple pulses): 1 to 2500 
microseconds 

Output synchronizing pulses: 
Polarity: Positive, delayed & 

undelayed 
Rate: 40 to 4000 pps 
Voltage: Greater than 25 volts 
Rise time: Less than 1 micro 
second 








Antenna gain and pattern 
Conversion gain or loss 
Attenuation 

Filter characteristics 
Multi-pulsed systems, such as 


Beacons, DME, Tacan, etc. 





ALLIED INTERNATIONAL CO., LTD., IN ASSOCIATION WITH 


B & K LABORATORIES LTD. 57 UNION ST. LONDON 


TELEPHONE HOP 4567 CABLES : BANKLABS, LONDON (ALL CODES) S.E.1. 
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“A connector for practically every application” 

... that’s why Cannon Electric is first in connectors. 
More than 26 lines in 20,000 different assemblies and countless 
“specials.” Only a pioneer multi-contact connector 
manufacturer and the largest exclusive connector 


designer and builder in the world could make this claim. 


Mil-Spec 


cannon connec 


Mil-Spec Rack/Panel/Chassis Audio 


FIREPROOF * MINIATURE * MIL SPEC « EXTERNAL POWER 
AUDIO + HERMETIC SEAL + RACK, PANEL/CHASSIS * WEATHERPROOF 
WATERTIGHT * VIDEO * COAXIALS « HIGH VOLTAGE 
SWITCHING PLUGS « TEST JACKS 


oS Seat 
CANNON ELECTRIC (Great Britain) LTD., 138 Wardour Street, London, W.1. 


Factories in London, Paris, Los Angeles, East Haven, Toronto, Melbourne, Tokio. 











